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MEMORANDUM

TO: Jim Eddinger, U.S. Environmental Protection Agency, OAQPS (C439-01)

FROM: Roy Oommen, Eastern Research Group (ERG), Morrisville

DATE: October, 2002

SUBJECT: MACT Floor Analysis for the Industrial, Commercial, and Institutional Boilers and
Process Heaters National Emission Standards for Hazardous Air Pollutants

1.0 INTRODUCTION

This memorandum describes the development of the Maximum Achievable Control

Technology (MACT) floor for the industrial, commercial, and institutional boilers and process

heaters National Emission Standard for Hazardous Air Pollutants (NESHAP).  The methodology

used to develop the MACT floor, the assumptions used for the analysis, the data sources, and the

resulting MACT floor for new and existing sources are presented.  The memorandum includes the

following sections:

Section 2.0 Background Information

Section 3.0 Data Sources

Section 4.0 Affected Source and Subcategories

Section 5.0 General Methodology for the MACT Floor Analysis

Section 6.0 Determination of Best Performing Controls

Section 7.0 Analysis of Good Combustion Practices

Section 8.0 Determination of MACT Floor Emission Limits

Section 9.0 Analysis for Indirect-fired Process Heaters

Section 10.0 References

Appendices
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2.0 BACKGROUND INFORMATION

Industrial boilers, commercial and institutional boilers, and process heaters were identified

as source categories of HAP under section 112(c) of the Clean Air Act (the Act), to be regulated

by a NESHAP under section 112(d) of the Act.  Indirect-fired process heaters are similar to

boilers in fuel use, emissions, and applicable controls, and, consequently are combined with

industrial, commercial and institutional boilers for purposes of developing emission standards. 

Direct-fired units are covered in other MACT standards or rulemakings pertaining to industrial

process operations.  For example, lime kilns are covered by the Pulp and Paper NESHAP (40

CFR Part 63, subpart S).  The source category also does not include combustion units regulated

in other standards, including municipal waste combustion units, industrial/commercial waste

incinerators, medical waste incinerators,  hazardous waste boilers, or pulp and paper recovery

boilers.

The Act specifically requires that fossil fuel-fired steam generating units of more than 25

megawatts that produce electricity for sale (i.e., utility boilers) be reviewed separately by EPA. 

Consequently,  fossil fuel-fired utility boilers greater than 25 megawatts are not examined in this

source category, but fossil fuel-fired units less than 25 megawatts and all nonfossil fuel-fired

utility boilers are included in this source category.   Emissions from combustion units with waste

heat boilers are also not included in the source category.  Emissions from any commercial or

industrial solid waste incinerator (CISWI) or other incinerator unit that has a waste heat boiler

will be covered by regulations promulgated under section 129 of the CAA.

Many industrial facilities have office buildings located onsite which use hot water heaters. 

Such hot water heaters, by their design and operation, could be considered boilers.  However,

since hot water heaters generally are small and use natural gas as fuel, their emissions are

negligible compared to the emissions from the industrial operations that make such facilities major

sources, and compared to boilers that are used for industrial, commercial, or institutional

purposes.  Moreover, such hot water heaters are more appropriately described as residential-type

boilers, not industrial, commercial or institutional boilers.   Therefore, residential type hot water

heaters are not included in this source category.

Section 112(d) of the Act directs EPA to develop standards that require the maximum

degree of reduction in emissions of HAP that is achievable, which are commonly referred to as
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MACT standards.  For existing major sources, the Act requires MACT to be no less stringent

than the average emission limitation achieved by the best-performing 12 percent of existing

sources among the data available to the Administrator.  For new major sources, the Act requires

MACT to be no less stringent than the emission control that is achieved in practice by the best-

controlled similar source.  These minimum stringency levels are often referred to as the “MACT

floor.” 

The term “average”, as it pertains to MACT floor determinations for existing sources,

described in section 112(d)(3) of the Act, is not defined in the statute.  In a Federal Register

notice published on June 6, 1994 (59 FR 29196), the EPA announced its conclusion that

Congress intended “average” as used in section 112(d)(3) to mean a measure of mean, median,

mode, or some other measure of central tendency.  The EPA concluded that it retains substantial

discretion within the statutory framework to set MACT floors at appropriate levels, and that it

construes the word “average” (as used in section 112(d)(3)) to authorize the EPA to use any

reasonable method, in a particular factual context, of determining the central tendency of a data

set.

3.0 DATA SOURCES

Various sources of data were used in the MACT floor analysis for boilers and process

heaters.  The boiler and process heater population database was used to characterize the number

and types of existing units, the types of fuels burned, the capacity of the units, the types of

existing add-on control technologies, and the locations of these units.  This database includes

information on approximately 42,000 boilers and 15,000 process heaters.  The development of

this database is discussed in the memorandum “Development of the Population Database for the

Industrial, Commercial, and Institutional Boiler and Process Heater National Emission

Standard for Hazardous Air Pollutants (NESHAP)”.1 

The boiler emissions test database was used in correlation with the population database to

characterize the type and magnitude of hazardous air pollutants (HAP) that are emitted from

various types of combustion units that burn different fuel combinations and have different levels

and types of existing add-on control technologies.   The development of the emissions test

database is discussed in detail in the memorandum “Development of the Emissions Test Database
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for the Industrial, Commercial, and Institutional Boiler National Emission Standard for

Hazardous Air Pollutants (NESHAP)”.2

Other sources of data were reviewed to assess the performance of various types of add-on

control devices.  The sources reviewed and the conclusions drawn from this review regarding the

performance and applicability of add-on control techniques to the combustion units included in

this source category are discussed in the memorandum “Methodology for Estimating Cost and

Emissions Impacts for Industrial, Commercial, Institutional Boilers and Process Heaters National

Emission Standards for Hazardous Air Pollutants”.3

Another data source used during the MACT floor analysis was regulations that pertain to

boilers and process heaters from various state air pollution control agencies.  Regulations

pertaining to these sources were reviewed for all states that had rules that apply to combustion

sources.

4.0 AFFECTED SOURCE AND SUBCATEGORIES

4.1 Description of Affected source

This MACT includes the industrial boilers, institutional and commercial boilers, and

process heaters source categories.  The affected source is each individual industrial, commercial,

or institutional boiler or process heater located at a major source facility.  Process heaters are

defined as units in which the combustion gases do not directly come into contact with process

gases in the combustion chamber (e.g. indirect fired).  Boiler means an enclosed device using

controlled flame combustion and having the primary purpose of recovering thermal energy in the

form of steam or hot water.  Because facilities could have multiple boilers and process heaters on-

site that burn different types of fuels and have different levels of add-on controls, the affected

source is defined as each individual boiler or process heater that is located at a major source,

rather than being defined on a facility-basis.  A major source of HAP emissions is any stationary

source or group of stationary sources located within a contiguous area and under common control

that emits or has the potential to emit any single HAP at a rate of 10 tons or more per year or any

combination of HAP at a rate of 25 tons or more a year.  The affected source does not include

those units in Section 2.0 that are excluded from the source category. 

A wide variety of pollutants may be emitted from boilers and process heaters, including

HAP’s, VOC’s, and criteria pollutants.  The HAP’s emitted from boilers and process heaters can



50154-01-01/MACTFloor Analysis.wpd

be categorized as either inorganic HAP (primarily acid gases such as hydrogen chloride or

hydrogen fluoride), organic HAP’s (such as benzene or PAH’s), and metallic HAP (such as

mercury or lead).  Due to its health affects and different emission characteristics, mercury is often

analyzed separately from non-mercury metallic HAPs.  The types and amounts of pollutants

emitted from these sources depends greatly on the type of fuel being burned in the combustion

device. 

4.2 Subcategories

The Act allows source categories to be divided into subcategories when differences

between given types of units lead to corresponding differences in the nature of emissions and the

technical feasibility of applying emission control techniques.  The design, operating, and emissions

information that EPA has reviewed indicate the need to subcategorize boilers and process heaters

based on the physical state of the fuel burned, i.e., solid, liquid, or gas.  Data indicate that there

are significant design and operational differences between units that burn solid, liquid and gaseous

fuels.

Boiler systems are designed for specific fuel types and will encounter problems if a fuel

with characteristics other than those originally specified is fired.  While many boilers in the

population database are indicated to co-fire liquids or gases with solid fuels, in actuality most of

these commonly use fuel oil or natural gas as a startup fuel only.  Other co-fired units are

specifically designed to fire combinations of solids, liquids, and gases.  Changes to the fuel type

(solid, liquid, or gas) would require extensive changes to the fuel handling and feeding system

(e.g., a stoker using wood as fuel would need to be redesigned to handle fuel oil or gaseous fuel). 

Additionally, the burners and combustion chamber would need to be redesigned and modified to

handle different fuel types and account for increases or decreases in the fuel volume and shape.  In

some cases, the changes may reduce the capacity and efficiency of the boiler or process heater. 

An additional effect of these changes would be extensive retrofit costs.

Emissions from boilers and process heaters burning solids, liquids, and gaseous fuels will

also differ.  Boilers and process heaters emit a number of different types of HAP emissions.  In

general, their formation is dependent upon the composition of the fuel.  The combustion quality

and temperature may also play an important role.  The fuel dependent HAP emissions from boilers

and process heaters are metals, including mercury, and acid gases.  These fuel dependent HAP
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emissions generally can be controlled by either changing the fuel property before combustion or

by removing the HAP from the flue gas after combustion.  Organic HAP, on the other hand, are

formed from incomplete combustion and are much less influenced by the characteristics of the fuel

being burned.  The degree of combustion may be greatly influenced by three general factors: time,

turbulence, and temperature.  These factors are a function of the design of the boiler or process

heater which is dependent in part on the type of fuel being burned. Sources burning solid fuels

emit larger amounts of particulate matter.  Sources burning liquid or gaseous fuels often emit

larger amounts of organic compounds.  The different emission characteristics will affect the type

of air pollution controls that may be used.  Accordingly, the source category was divided into

three subcategories to consider these differences: solid fuel-fired units, liquid fuel-fired units, and

gaseous fuel-fired units.  The solid subcategory includes units that burn any amount of solid fuel. 

The gaseous subcategory includes units that only burn gaseous fuel.  The liquid subcategory

includes the remaining units.

Another factor that affects emissions from boilers and process heaters is the combustor

design.  The combustor design influences the completeness of the combustion process and the

formation of organic compounds.  Boilers with capacities less than 10 MMBtu/hr use combustor

designs (e.g., firetube or cast-iron) which are not common in units above 10 MMBtu/hr.  Large

boilers generally are field-erected using watertube combustor design with capacities above 10

MMBtu/hr.  The vast majority of these small units use natural gas as fuel.  Additionally, most

existing State and Federal regulations for boilers and process heaters do not regulate units with a

heat input capacity of less than 10 MMBtu/hr, due to their low emissions. Accordingly, the three

subcategories were further divided into large units (watertube boilers and process heaters > 10

MMBtu/hr capacity) and small units (all firetube boilers and process heaters  # 10 MMBtu/hr

capacity) to differentiate the combustor designs typically found in these size ranges.  

A third subcategory classification was also considered to distinguish units that are

operated infrequently, such as back-up or emergency units, and those that operate normally. 

Back-up or emergency units only operate if another boiler that is the regular source of energy or

steam is not operating (for example due to a shutdown for maintenance and repair).  Peaking units

operate only during peak energy use periods, typically in the summer months.  The boiler database

indicates that these infrequently operated units typically operate 10 percent of the year or less. 

These limited use boilers, when called upon to operate, must respond without failure and without
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lengthy periods of startup.   This subcategorization was made because the limited use units, those

with capacity utilizations less than 10 percent,  have a specialized use and operation that are

different from typical industrial, commercial, and institutional units.

Thus, a total of nine subcategories were developed  for this source category: (1) large

solid fuel-fired boilers and process heaters, (2) large liquid fuel-fired boilers and process heaters,

(3) large gaseous fuel-fired boilers and process heaters, (4) limited use solid fuel-fired boilers and

process heaters, (5) limited use liquid fuel-fired boilers and process heaters, (6) limited use

gaseous fuel-fired boilers and process heaters, (7) small solid fuel-fired boilers and process

heaters, (8) small liquid fuel-fired boilers and process heaters, and (9) small gaseous fuel-fired

boilers and process heaters.  Because these subcategories were defined based on fundamental

differences in the types of emissions, all MACT floor analyses were done separately for each

individual subcategory.

5.0 GENERAL METHODOLOGY FOR MACT FLOOR ANALYSIS

Many approaches were considered for determining the MACT floor including use of

emissions data only, use of state regulations and permits, review of possible process changes, and

review of add-on controls.  The limitations of the data available resulted in some of these

approaches not being appropriate options for developing the MACT floor.  Consequently, the

most appropriate  approach for determining MACT floors for boilers and process heaters is to

look at the control options used by the units within each subcategory in order to identify the best

performing units.  The methodology used consisted of using information on controls from the

population database, emissions from the emissions database, and State regulations.   The

consideration of the approaches that were not used is discussed below.  The consideration of

process changes or work practices is discussed in Section 7.0.

The first step in the methodology was to identify the control technologies used by the

best-controlled sources in each subcategory for controlling four classes of pollutants:  non-

mercury metallic HAP, mercury, inorganic HAP, and organic HAP.  The population database was

used to determine the existing numbers and types of boilers and process heaters with the best

technologies used to control these HAP emissions.  The database contains specific information on

the types of control devices that are present for most of the boilers and process heaters. 
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However, it does not include any unit-specific data on the emissions from the individual

combustion units in the population database. The emission limits for each class of pollutant

associated with the best control technologies were then determined using information in the

emissions database.  Limits were identified in units of pound of pollutant per MMBtu of heat

input  to be consistent with the format of the New Source Performance Standard (NSPS) for

industrial boilers as well as other existing boiler regulations.  

5.1 Consideration of Emission Test Data Only

Under one approach, the MACT floor for a category of sources could be calculated by

ranking the emission test results from units within the category from lowest to highest, and then

taking the numerical average of the test results from the best performing (lowest emitting) 12

percent of sources.

However, review of the available HAP emission test data indicated several problems with

using this MACT floor approach to establish emission limits for boilers and process heaters.  The

main problem with using only the HAP emissions data is that, based on the test data alone,

uncontrolled units (or units with low efficiency add-on controls) were frequently identified as

being among the best performing 12 percent of sources in a subcategory, while many units with

high efficiency controls were not.  However, these uncontrolled or poorly controlled units are not

truly among the best controlled units in the category.  Rather, the emissions from these units are

relatively low because of particular characteristics of the fuel that they burn, that can not

reasonably be replicated by other units in the category or subcategory.  This kind of variability in

emission rates is expected given the variety of fuel types included within each subcategory of

boilers and process heaters.

A review of fuel analyses indicate that the concentration of HAP (metals, HCl, mercury)

vary greatly, not only between fuel types, but also within each fuel type.  Some fuels even have

pollutant concentration levels below the detection limit of the applicable analytical test method. 

Therefore, a unit without any add-on controls, but burning a fuel containing lower amounts of

HAP, can have emission levels that are lower than the emissions from a unit with the best

available add-on controls.  If only the available HAP emissions data are used, the resulting MACT

floor levels would, in most cases, be unachievable for many, if not most, existing units, even those

that employ the most effective available emission control technology.  For example, an
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uncontrolled boiler burning wood may have lower emissions of mercury than a well controlled

boiler burning coal.  This would result in some coal burning boilers never being able to achieve

the mercury HAP level of the wood-fired unit, no matter what add-on controls are used.  In this

instance, establishing a MACT standard based on emission data alone would force the coal units

to switch to different fuels to achieve the MACT limits. 

Another problem with using only emissions data is that there is no HAP emissions

information for some subcategories.  This is consistent with the fact that units in these source

categories have not historically been required to test for HAP emissions. 

5.2 Consideration of State Regulations and Permits

HAP emission limits contained in State regulations and permits were also reviewed as a

surrogate for actual emission data in order to identify the emissions levels from the best

performing units in the category for purposes of establishing MACT standards.  However, no

State regulations or State permits were found which specifically limit HAP emissions from these

sources.

5.3 Consideration of Fuel Switching

Fuel switching was examined as an appropriate control option for sources in each

subcategory.  The feasibility of both fuel switching to other fuels used in the subcategory and to

fuels from other subcategories were considered.  This consideration included determining whether

switching fuels would achieve lower HAP emissions.  A second consideration was whether fuel

switching could be technically achieved by boilers and process heaters in the subcategory

considering the existing design of boilers and process heaters.  The availability of various types of

fuel was also reviewed.  

After considering these factors, fuel switching was determined to not be an appropriate

control technology for purposes of determining the MACT floor level of control for any

subcategory.  This decision was based on the overall effect of fuel switching on HAP emissions,

technical and design considerations discussed earlier, and concerns about fuel availability.

Data available in the emissions database indicates that while fuel switching from solid fuels

to gaseous or liquid fuels would decrease PM and some metals emissions, emissions of some

organic HAP would increase, resulting in uncertain benefits.  This determination is discussed in
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the memorandum “Development of Fuel Switching Costs and Emission Reductions for

Industrial/Commercial/Institutional Boilers and Process Heaters National Emission Standards

for Hazardous Air Pollutants”.4  In order to adopt such a strategy, the relative risk associated

which each HAP emitted would need to be analyzed, as well as whether requiring the control in

question would result in overall lower risk.  

A similar determination was made when considering fuel switching to cleaner fuels within

a subcategory.  For example, the term “clean coal” refers to coal that is lower in sulfur content

and not necessarily lower in HAP content.  Data gathered also indicates that within specific coal

types HAP content can vary significantly.  Switching to a low sulfur coal may actually increase

emissions of some HAP.  Therefore, fuel switching to a low sulfur coal as part of the MACT

standards for boilers and process heaters could not be included in the analysis.  Fuel switching

from coal to biomass would result in similar impacts on HAP emissions.  While this would reduce

metallic HAP emissions, it would likely increase emissions of organics based on information in the

emissions database.

Another factor considered was the availability of alternative fuel types.  Natural gas

pipelines are not available in all regions of the U.S., and natural gas is simply not available as a

fuel for many industrial, commercial, and institutional boilers and process heaters.  Moreover,

even where pipelines provide access to natural gas, supplies of natural gas may not be adequate. 

For example, it is common practice in cities during winter months (or periods of peak demand) to

prioritize natural gas usage for residential areas before industrial usage.  Consequently, even

where pipelines exist some units would not be able to run at normal or full capacity during these

times if shortages were to occur.  Therefore, under any circumstances, there would be some units

that could not comply with a requirement to switch to natural gas.

Similar problems for fuel switching to biomass could arise.  Existing sources burning

biomass generally are combusting a recovered material from the manufacturing or agriculture

process.  Industrial, commercial, and institutional facilities that are not associated with the wood

products industry or agriculture may not have access to a sufficient supply of biomass materials to

replace their fossil fuel.

There is also a significant concern that switching fuels would be infeasible for sources

designed and operated to burn specific fuel types.  Changes in the type of fuel burned by a boiler

or process heater (solid, liquid, or gas) may require extensive changes to the fuel handling and
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feeding system (e.g., a stoker using wood as fuel would need to be redesigned to handle fuel oil or

gaseous fuel).  Additionally, burners and combustion chamber designs are generally not capable of

handling different fuel types, and generally cannot accommodate increases or decreases in the fuel

volume and shape.  Design changes to allow different fuel use, in some cases, may reduce the

capacity and efficiency of the boiler or process heater.  Reduced efficiency may result in less

complete combustion and, thus, an increase in organic HAP emissions. 

6.0 DETERMINATION OF THE MACT FLOOR BASED ON CONTROL

TECHNIQUES

6.1 Identification of Typical Add-on Control Devices in Population Database

The initial step for the MACT floor analysis based on control technologies was to identify

the typical types of add-on control technologies used on existing boilers and process heaters in the

population database.  The population database sometimes includes specific descriptions regarding

the types of add-on devices that are on the combustion units.  These specific control devices in the

population database were grouped into more general control device categories in order to simplify

the analysis.  For instance, high temperature and low temperature fabric filters were grouped into

a general fabric filter category.  Also, control techniques listed in the population database that

were assumed to have no effect on HAP emissions, such as low NOx burners or fuel air

recirculation, were not considered in these control device groupings.  Because many of the

specific control devices listed in the population database were assumed to achieve similar control

efficiencies, this grouping process did not result in a less accurate MACT floor analysis.  The

control device groupings are presented in Appendix A-1.

6.2 Control Technology Assessments

Once the types of existing add-on control devices were determined and grouped into more

general control categories, the technologies were ranked in terms of their relative performance. 

The rankings for each control device category were based on the typical control efficiency each

was expected to achieve.  The memorandum “Methodology for Estimating Cost and Emissions

Impacts for Industrial, Commercial, Institutional Boilers and Process Heaters National Emission

Standards for Hazardous Air Pollutants”3 discusses typical efficiencies assigned to the control
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devices.  The rankings were assigned as follows:  ranking of “1" means the control device can

achieve greater than 99% control efficiency, ranking of “2" means greater than 98% control

efficiency, ranking of “3" means greater than 90% control efficiency, ranking of “4" means greater

than 75% control efficiency, ranking of “5" means greater than 50% control efficiency, ranking of

“6" means greater than 30% control efficiency, ranking of “7" means less than 30% control

efficiency, and a ranking of “8" means that the control device achieves no control.  The control

devices were ranked in this manner by relative control efficiencies individually for each of the

pollutant categories (inorganic HAP, organic HAP, non-mercury metallic HAP, and mercury)

because the most effective control devices for each of these pollutant categories are sometimes

different.   For example, an ESP’s are effective in controlling metallic HAP emissions, but are

ineffective in controlling organic HAP or inorganic HAP emissions.

6.3 Determination of the Best-performing Sources based on Control Technologies

The boilers and process heaters in the population database in each subcategory were

ranked based on their controls in order of decreasing control effectiveness for each of the

pollutant categories.  That is, the boilers and process heaters in each subcategory were ranked

separately for each of these pollutant categories according to the units that have the best-

performing controls for each specific type of pollutant.  The best-performing 12 percent of

sources for existing sources or best-performing “similar source” for new sources was identified

for each of these pollutant categories separately. 

Once the control device categories were ranked along with the number of units in each

category, the percentage of units with the best-performing control devices was determined for

each pollutant category.  This calculation was done by dividing the number of units with a ranked

control device by the total number of units.  However, the percentage of units with each type of

control device was based only on the population of units for which control device information was

available.  The population database, on which this analysis is based, does not have control

information available for every boiler and process heater.  Often the control device database field

specified a particular control device or combination of control devices on a unit, sometimes the

field specified that a unit had no control devices, but sometimes the database field was blank. 

These units with blank control information data fields were excluded from the MACT floor

analysis because using them would have required that broad assumptions be made about the types
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of controls that might be on these units.  Therefore, the MACT floor analysis is actually done

using a subset of the population database that is assumed to be representative of the entire

population.  The summary tables in Appendix A show the number of units with “no information”

for each of the subcategories.

For new sources, the best-performing control devices in each subcategory are those

ranked with the highest removal efficiency for each pollutant.  For existing sources, the best-

performing 12 percent of sources needed to be identified.  Once the control device categories

were ranked from best-performing to worst-performing for each subcategory and pollutant

category by the control rankings, and the percentages of units using each control were calculated,

the cumulative percentage of units represented was reviewed to determine the best-performing 12

percent of units.  The median unit in the best-performing 12 percent of units (i.e., the boiler or

process heater unit representing the 94th percentile) was used to represent the technology

associated with the MACT floor level of control for each subcategory.  Because the control

device rankings were done using a scale from 1 to 8 based on control efficiencies, different

control device categories might have the same efficiency ranking for a pollutant category. 

Because there is no distinction in performance between control devices with the same efficiency

ranking, if the six percent level occurred in the middle of a control device category ranking, then

all sources that had existing controls ranked at that level or better were included in the group of

units that were considered to be the best-performing 12 percent of sources.  

The summary tables in Appendix A indicate which units and control device categories are

included in the best-performing 12 percent of sources for each subcategory and pollutant

category.  Table 6-1 summarizes the results of the MACT floor control technologies analysis.  A

discussion of the results for each subcategory is presented in the following sections.

6.4 Best Performing Control Technologies for Existing Sources

6.4.1 Existing Solid Fuel Boilers and Process Heaters

Large Units - Heat Inputs Greater than 10 MMBtu/hr.  The most effective control

technologies identified for removing non-mercury metallic HAP are fabric filters.  About 14

percent of solid fuel-fired boilers and process heater use fabric filters.  The most effective control

technologies identified for removing inorganic HAP that are acid gases, such as HCl, are wet
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scrubbers and packed bed scrubbers.  These technologies are used by about 13 percent of the

boilers and process heaters in the large solid fuel subcategory.  About 12 percent of solid fuel-

fired boilers and process heaters use wet or dry scrubbers, and approximately 1 percent use

packed bed scrubbers.  Based on test information on utility boilers, fabric filters are determined to

be the most effective technology for controlling mercury emissions.3  As discussed previously,

approximately 14 percent of sources in the subcategory use fabric filters.  No add-on control

technologies were identified that would reduce organic HAP emissions.

Therefore, the combination of fabric filter and wet scrubber control technologies forms the

basis for the MACT floor level of control for existing large solid fuel boilers or process heaters.  

This analysis is shown in Appendix A-2.

Small Units - Heat Inputs Less than or Equal to 10 MMBtu/hr.  For each pollutant group

(non-mercury metallic HAP, mercury, inorganic HAP/HCl, and organic HAP), less than 6 percent

of the units in this subcategory used control techniques that limit emissions.  This analysis is

shown in Appendix A-3.

Limited Use Units - Capacity Utilizations Less than or Equal to 10 Percent.  The most

effective control technologies identified for removing non-mercury metallic HAP are ESP and

fabric filters.  Less than 2 percent of limited use solid fuel-fired boilers and process heater use

fabric filters, and 14 percent use ESP. 

Similar control technology analyses were done for the boilers and process heaters in this

subcategory for inorganic HAP, organic HAP and mercury.  For each of these pollutant groups,

less than 6 percent of the units in this subcategory used control techniques that limit emissions. 

Consequently, ESP and fabric filters, which achieve non-mercury metallic HAP control, form the

basis for the MACT floor level of control for existing solid fuel boilers and process heaters in this

subcategory.  This analysis is shown in Appendix A-4.

6.4.2 Existing Liquid Fuel Boilers and Process Heaters

Less than 6 percent of the units in each of the liquid subcategories used control techniques

that would reduce non-mercury metallic HAP, mercury, organic HAP, or acid gases, (such as

HCl).  This analysis is shown in Appendices A-5 through A-7.
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6.4.3 Existing Gaseous Fuel Boilers and Process Heaters

No existing units in the gaseous fuel-fired subcategories were using control technologies

that achieve consistently lower emission rates than uncontrolled sources for any of the pollutant

groups of interest.  This analysis is shown in Appendices A-8 through A-10.

6.5 Best Performing Control Technologies for New Sources

6.5.1 New Solid Fuel-fired Units

Large Units - Heat Inputs Greater than 10 MMBtu/hr.  The most effective control

technology identified for removing non-mercury metallic HAP are fabric filters.  The most

effective control technologies identified for removing inorganic HAP including acid gases, such as

HCl, are wet or dry scrubbers.  Wet scrubbers is a generic term that is most often used to describe

venturi scrubbers, but can include packed bed scrubbers, impingement scrubbers, etc.  One

percent of boilers and process heaters in this subcategory reported using a packed bed scrubber. 

Emission test data from other industries suggests that packed bed scrubbers achieve consistently

lower emission levels than other types of wet scrubbers. 

For mercury control, one technology, carbon injection, that has demonstrated mercury

reductions in other source categories (i.e., municipal waste combustors), was identified as being

used on one existing industrial boiler.  However, test data on this carbon injection system

indicated that this unit was not achieving mercury emissions reductions.  Therefore, carbon

injection was not considered to be a MACT floor control technology for industrial, commercial,

and institutional boilers and process heaters.  Data from electric utility boilers indicate that fabric

filters are the most effective technology for controlling mercury emissions.  No add-on control

technologies were identified that would reduce organic HAP emissions. 

The combination of a fabric filter and a packed bed scrubber forms the basis for the

MACT floor level of control for new solid fuel boilers and process heaters in this subcategory. 

See Appendix A-2.

Small Units - Heat Inputs Less than or Equal to 10 MMBtu/hr.  The most effective

control technology identified for removing nonmercury metallic HAP are fabric filters.  The most

effective control technology identified for units in this subcategory for removing acid gases, such

as HCl, are wet scrubbers.  The most effective control technology identified for removing mercury
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is fabric filters.  No add-on control technologies were identified that would reduce organic HAP

emissions.

The combination of a fabric filter and a wet scrubber forms the basis for the MACT floor

level of control for new solid fuel boilers and process heaters in this subcategory.  See Appendix

A-3.

Limited Use Units - Capacity Utilizations Less than or Equal to 10 Percent.  The most

effective control technology identified for removing non-mercury metallic HAP and mercury are

fabric filters.  The most effective control technology identified for units in this subcategory for

removing acid gases, such as HCl, are wet scrubbers.  No add-on control technology was

identified that reduced emissions of organic HAP.

The combination of a fabric filter and a wet scrubber forms the basis for the MACT floor

level of control for new solid fuel boilers and process heaters in this subcategory.  See Appendix

A-4.

6.5.2 New Liquid Fuel-fired Units

Large Units - Heat Inputs Greater than 10 MMBtu/hr.  The most effective control

technology identified for removing non-mercury metallic HAP are ESPs.  The most effective

control technology identified for removing inorganic HAP that are acid gases, such as HCl, are

packed bed scrubbers.  Information in the emissions database or from other source categories

does not show that control technologies, such as fabric filters, ESP, or wet scrubbers, achieve

reductions in mercury emissions from liquid fuel-fired industrial, commercial, and institutional

boilers and process heaters.  No add-on control technology being used in the existing population

of boilers and process heaters in these subcategories that consistently achieved lower emission

rates than uncontrolled levels, such that a best controlled similar source for organic HAP could be

identified. 

The combination of an ESP and a packed bed scrubber forms the basis for the MACT

floor level of control for new liquid fuel boilers and process heaters in this subcategory.  See

Appendix A-5.

Small Units - Heat Inputs Less than or Equal to 10 MMBtu/hr.  The most effective

control technology identified for removing non-mercury metallic HAP used by units in this

subcategory are ESPs.  The most effective control technology identified for units in this

subcategory for removing acid gases, such as HCl, are wet scrubbers.
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Information in the emissions database or from other source categories does not show that

control technologies, such as fabric filters, ESP, or wet scrubbers, achieve reductions in mercury

emissions from liquid fuel-fired industrial, commercial, and institutional boilers and process

heaters.  No add-on control technology being used in the existing population of boilers and

process heaters that consistently achieved lower emission rates than uncontrolled levels, such that

a best controlled similar source for mercury or organic HAP could be identified. 

The combination of a fabric filter and a wet scrubber forms the basis for the MACT floor

level of control for new liquid fuel boilers and process heaters in this subcategory.  See Appendix

A-6.

Limited Use Units - Capacity Utilizations Less than or Equal to 10 Percent.  The most

effective control technology identified for removing non-mercury metallic HAP used by units in

this subcategory are ESPs.  The most effective control technology identified for units in this

subcategory for removing acid gases, such as HCl, are wet scrubbers. 

Information in the emissions database or from other source categories does not show that

other control technologies, such as fabric filters, ESP, or wet scrubbers, achieve reductions in

mercury emissions from liquid fuel-fired industrial, commercial, and institutional boilers and

process heaters.  No add-on control technology being used in the existing population of boilers

and process heaters that consistently achieved lower emission rates than uncontrolled levels, such

that a best controlled similar source for mercury or organic HAP could be identified.  See

Appendix A-7.

Gaseous Fuel Subcategories.  No existing units were using control technologies that

achieve consistently lower emission rates than uncontrolled sources for any of the pollutant

groups of interest.  See Appendices A-8 through A-10..

7.0 ANALYSIS OF WORK PRACTICES AND PROCESS CHANGES

Upon review of the emissions test data, it was determined that no control technology

consistently achieved organic HAP emission levels any lower than those from completely

uncontrolled boilers.  Therefore, there is no achievable MACT floor emissions level that can be

established for the organic HAP pollutant category.
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The HAP emissions from boilers and process heaters are primarily dependent upon the

composition of the fuel.  Fuel dependent HAP are metals, including mercury, and acid gases.  Fuel

dependent HAP are typically controlled by removing them from the flue gas after combustion. 

Therefore, they are not affected by the operation of the boiler or process heater.  Consequently,

process changes would be ineffective in reducing these fuel-related HAP emissions.

Organic HAP can be formed from incomplete combustion of the fuel.  Combustion is

defined as the rapid chemical combination of oxygen with the combustible elements of a fuel.  The

objective of good combustion is to release all the energy in the fuel while minimizing losses from

combustion imperfections and excess air.  The combination of the fuel with the oxygen requires

temperature (high enough to ignite the fuel constituents), mixing or turbulence (to provide

intimate oxygen-fuel contact), and sufficient time (to complete the process), sometimes referred

to the three Ts of combustion.  Good combustion practice (GCP), in terms of boilers and process

heaters, could be defined as the system design and work practices expected to minimize organic

HAP emissions.  The GCP control strategy could include a number of combustion conditions and

work practices which are applied collectively to achieve this goal.

While few sources specifically reported using good combustion practices, boilers and

process heaters within each subcategory might use any of a wide variety of different work

practices, depending on the characteristics of the individual unit.  The lack of information, and

lack of a uniform approach to assuring combustion efficiency, is not surprising given the extreme

diversity of boilers and process heaters, and given the fact that no applicable Federal standards,

and most applicable State standards, do not include work practice requirements for boilers and

process heaters.  Even those States that do have such requirements do not require the same work

practices. 

Consequently, any uniform requirements or set of work practices that would meaningfully

reflect the use of good combustion practices, or that could be meaningfully implemented across

any subcategory of boilers and process heaters could not be identified.  

Additionally, few of the GCP’s have been documented to reduce organic HAP emissions,

and they could not be considered in the MACT analysis.  One GCP that may effect organic HAP

emissions is maintaining CO emission levels.  CO is generally an indicator of incomplete

combustion because CO will burn to carbon dioxide if adequate oxygen is available.  Controlling
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CO emissions is a mechanism for ensuring combustion efficiency, and therefore may be viewed as

a kind of GCP.5  As discussed in section 8.0, CO is also considered a surrogate for organic HAP. 

To determine if CO monitoring would be the basis of the existing and new source MACT

floor for organic HAP emissions control, available information was examined.  The population

database does not contain information on existing units monitoring CO emissions.  State

regulations applicable to boilers and process heaters that required CO monitoring to maintain a

specific CO limit were then reviewed.  Many of the state regulations identified were applicable to

units of only certain capacities, heat inputs, or fuel types.  The applicability of these state

requirements were matched to the units in the population database to determine which units were

subject to a particular requirement and which were not.  First, the units that were located in states

with CO requirements were identified using the state codes in the population database.  Then the

corresponding unit capacities and fuel types were reviewed to determine if the CO requirement

applied.  In some cases, the applicability requirements were too specific to be able to identify

whether a unit would be subject to the requirement or the population database would not have

enough information regarding a specific unit (such as unit capacity) to determine if the

requirement would apply.  In the cases where the applicability of a requirement could not be

determined, the associated units were not included in the MACT floor analysis because too many

assumptions would have to be made regarding whether requirements applied.  Instead, as with the

add-on control technology analysis, the MACT floor analysis based on CO requirements was done

using a subset of the population in each subcategory for which the applicability could be

determined.  This subset was assumed to be representative of the entire subcategory.  The results

showed that less than 6 percent of the existing units in any subcategory were subject to CO

monitoring requirements or emission limits.  Therefore, it did not constitute a MACT floor level

of control.  This analysis is presented in Appendix B.

For new sources, the analysis of State regulations indicated that at least one of the boilers

and process heaters in the large and limited use subcategories for solid fuel, liquid fuel, and

gaseous fuel were required to meet a CO emissions limit.  The State with the most stringent CO

emission limit that applies to all units within a subcategory is California, which requires

monitoring and maintaining a CO limit of 400 ppm.  Another state, Massachusetts, has a limit of

200 ppm.  However, the limit does not necessarily apply to all boilers in a subcategory, (i.e., it

would apply to large solid fuel boilers but would not be applicable to wood-fired units or units in
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lower size ranges).   Consequently, the 200 ppm limit would not be appropriate for the entire

subcategory.  Therefore, the new source MACT floor includes a CO emission limit of 400 ppm to

reflect the MACT floor level of control for emissions of organic HAP from the large and limited

use solid, liquid, and gaseous subcategories.  (The California State regulations reviewed are

included in the boiler and process heater docket as items II-I-83 through II-I-86)

8.0 MACT FLOOR EMISSION LIMIT METHODOLOGY

The available emissions data for boilers and process heaters controlled by the best-

performing technologies in each subcategory were reviewed to determine the emissions levels

associated with the MACT floor control technology.  Using the technology-basis for the MACT

floor for each subcategory, the corresponding emission limitations were determined for each

pollutant category. 

An outlet emission rate format was used for the MACT floor analysis because outlet data

are available for boilers and process heaters that use the control techniques that provide the

greatest reduction in HAP emissions.  The individual limits reflect the achievable performance of

boilers and process heaters using the appropriate controls for each type of emissions.

The most typical units for the limits are pounds of pollutant emitted per million British

thermal units (Btu) of heat input.  The mass per heat input units are consistent with other Federal

and many State boiler regulations and allows easy comparison between such requirements. 

8.1 Surrogates for Pollutant Categories

The MACT floor based on control technology was conducted for each subcategory and

for four pollutant categories: non-mercury metallic HAP, mercury, inorganic HAP, and organic

HAP.  These categories include a large number of compounds, making it infeasible to develop

emission limits for each one.  Consequently, surrogate pollutants were identified to represent the

pollutants in each category.

8.1.1 Non-Mercury Metallic HAP

There are many different non-mercury metallic HAP that could be emitted from boilers

and process heaters including arsenic, beryllium, cadmium, chromium, lead, manganese, and
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nickel.  Most, if not all, non-mercury metallic HAP emitted from combustion sources will appear

on the flue gas fly-ash.  Therefore, the same control techniques that would be used to control the

fly-ash PM will control non-mercury metallic HAP.  Also, all fuels do not emit the same type and

amount of metallic HAP but most generally emit PM that includes some amount and combination

of metallic HAP.  Therefore, the MACT floor emission level associated with the best-performing

12 percent of sources for the non-mercury metallic HAP category was set using particulate matter

as a surrogate.

However, there are some sources in the solid fuel-fired categories that burn a fuel

containing very little metals, but with sufficient PM emissions to require control.  In such cases,

PM would not be an appropriate surrogate for metallic HAP.  Therefore, an alternative metals

emission limit was also developed for solid fuel-fired sources.  The metals emission limit is for the

sum of emissions of eight selected metals: arsenic, beryllium, cadmium, chromium, lead,

manganese, nickel, and selenium.  These eight pollutants represent the most common and the

largest emitted metallic HAP from boilers and process heaters.

8.1.2 Inorganic HAP

As with non-mercury metallic HAP, there are several pollutants which fall into the

inorganic HAP pollutant category including hydrogen chloride and hydrogen fluoride.  The

emissions test information available to EPA indicate that the primary inorganic HAP emitted from

boilers and process heaters are acid gases, with HCl present in the largest amounts.  Other

inorganic compounds emitted are found in much smaller quantities.  Also, control technologies

that would reduce HCl would also control other inorganic compounds that are acid gases. 

Therefore, HCl is considered a good surrogate for inorganic HAP and controlling HCl will result

in a corresponding control of other inorganic HAP emissions. 

8.1.3 Mercury

A MACT floor emission limit was determined specifically for mercury and not for a

surrogate compound.  All the mercury emissions data were reviewed to determine the associated

emission level that corresponds to the levels from the units determined to be the technology basis

of the MACT floor.
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8.1.4 Organic HAP

For organic HAP, carbon monoxide (CO) was chosen as a surrogate to represent the

variety of organic compounds, including dioxins, emitted from the various fuels burned in boilers

and process heaters.  CO is a good indicator of incomplete combustion and, thus, the formation of

organic HAP emissions.  Therefore, using CO as a surrogate for organic HAP is a reasonable

approach because minimizing CO emissions will result in minimizing organic HAP emissions.

8.2 Methodology for establishing MACT floor emission levels 

After the MACT floor based on control techniques was identified for each subcategory

and pollutant group, the emissions database was reviewed to identify all emission tests for the

pollutant groups that also had the MACT floor control technology.  Then, the emission levels, in

units of pound pollutant per MMBtu heat input, were reviewed for each pollutant group surrogate

in order to determine an emission level associated with the MACT floor level of control.

First the data and associated emission test reports for all the higher emission points were

reviewed to identify any outliers and determine if there was something about the test conditions or

control device operation that made it unrepresentative of the MACT floor level of control or the

entire subcategory population.  Several data points were removed from the analysis because their

unrepresentativeness.

The summary tables in Appendix C indicate which test data were used in the calculation of

emission limits for each subcategory and pollutant group.  Table 8-1 summarizes the results of the

MACT floor control technologies analysis.  A discussion of the results for each subcategory is

presented in following sections.

8.2.1 Existing Source MACT Floor Emission Levels

For existing sources, the calculation of numerical emission limits was a two-step analysis. 

The first step involved calculating a numerical average of an appropriate subset of the emission

test data from units using the same technology, or technologies, as the units in the top 12 percent. 

Based on the initial ranking, the proportion of the units using a particular technology that were

among the top 12 percent of units in the subcategory were identified.  Then, a corresponding

proportion of the emission test data from units using that type of control technology were

reviewed, and an overall average measured performance level was calculated.  For example, in the
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large solid-fuel subcategory, approximately 14 percent of units used the best performing control

technology for PM/metallic HAP (baghouses).  In order to rank the units using the best

technology for which there were emission test data, unit by unit measured performance levels

were calculated by averaging the multiple tests from each individual unit (if multiple tests were

available).  The best 12/14 of the units for which we generated such individual averages were

identified, and the unit by unit averages from all of these units was averaged.  This resulted in an

overall average measured emissions performance level for units representative of the top 12

percent of units in the subcategory.  

The second step in this part of the process involved generating and applying an

appropriate variability factor to account for unavoidable variations in emissions due primarily to

uncontrollable differences in fuel characteristics and ordinary operational variability.  All the units

for which we had emission test data using the same technology, or technologies, were identified

as units in the top 12 percent.  Then, for each such unit with multiple emission tests, the variability

in the measured emissions was calculated from that unit by dividing the highest three-run test

result by the lowest three-run test result.  Finally, the overall variability in the measured emissions

from these units was calculated by averaging all the individual unit variability factors.  This overall

variability factor was multiplied by the overall average measured emissions performance level (as

described above) to derive a emission limit representative of the average emission limitation

achieved by the top 12 percent of units.

This approach reasonably ensures that the emission limit selected as the MACT floor

adequately represents the average level of control actually achieved by units in the top 12 percent,

considering ordinary operational variability. 

Some boilers and process heaters within each subcategory may be able to meet the floor

emission levels without using the air pollution control technology that is used by the top 12

percent of units in the subcategory.  This is to be expected, given the variety of fuel types, fuel

input rates, and boiler designs included within each subcategory and the resulting variability in

emission rates.  Thus, for instance, boilers or process heaters within the large unit solid fuel

subcategory that burn lower percentages of solid fuels may be able to achieve the emission levels

for the large unit solid fuel subcategory without the need for additional control devices.

Furthermore, solid fuels, especially coal, are very heterogeneous and can vary in

composition by location.  Coal analysis data obtained from the electric utility industry in another
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rulemaking contained information on the mercury, chlorine, and ash content of various coals.  A

preliminary review of this data indicate that the composition can vary greatly from location to

location, and also within a particular location.  Based on the range of variation of mercury,

chlorine, and ash content in coal, it is possible for a unit with a lower performing control system

to have emission levels lower than a unit considered to be included in the best performing 12

percent of the units.

This situation is reflected in the emissions information used to set the MACT floor

emission limits.  In some instances there are boilers with ESP or other controls that achieve

similar, or lower, outlet emission levels of non-mercury metallic HAP, PM, or mercury than fabric

filters.  In most cases, this is due to concentrations entering these other control devices being

lower, even though the percent reduction achieved is lower than fabric filters. 

Additionally, the design of some control devices may have a substantial effect on the their

emission reduction capability.  For example, fabric filters are largely insensitive to the physical

characteristics of the inlet gas stream.  Thus, their design does not vary widely, and emissions

reductions are expected to be similar (e.g. 99 percent reduction of PM).  However, ESP design

can vary significantly.  Some ESP are 2 fields, others may have 3 or 4.  The more fields the larger

the emission reduction for PM.  Similarly, other devices can be designed to achieve higher

emission reductions.  This level of detail was not available for the information used to develop the

MACT floor emission limits.

For existing unit subcategories where less than 12 percent of units in the subcategory use

any type of control technology, the same approach could not be used to identify the average level

of control achieved by the top 12 percent.  Therefore, the central tendency of the best controlled

units was estimated by looking at the median unit of the top 12 percent (the unit at the 94th

percentile).  If the median unit of the top 12 percent is using some control technology, the

measured emission performance of that individual unit was used as the basis for estimating an

appropriate average level of control of the top 12 percent.  For subcategories where even the

median unit is using no control technology, the average control of the top 12 percent of units is

no emission reductions. 

Large Solid Fuel Units - Heat Inputs Greater than 10 MMBtu/hr.  As described earlier, a

PM level is set as a surrogate for non-mercury metallic HAP, and fabric filters are the MACT

floor control technology.  Using the two-step methodology described in Section 8.2, the
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proportion of the units using fabric filters in the population database that were among the top 12

percent of units in the subcategory were identified and a corresponding proportion of the emission

test data from units using  fabric filters were reviewed, and an overall average measured

performance level was calculated. Approximately 14 percent of the boilers in the population

database used fabric filters.  The emissions database contains PM information on 9 different

boilers using fabric filters.    In order to rank the units using the best technology for which there

were emission test data, unit by unit measured performance levels were calculated by averaging

the multiple tests from each individual test (if multiple tests were available).  The best 12/14 of the

units in the emissions database were identified (i.e., the best 8 boilers).  The average PM emission

limit from the best 8 boilers is 0.016 lb/MMBtu, and the average variability level is 4.13. 

Incorporating the variability, the MACT floor emission level for PM is 0.07 lb/MMBtu.  This

analysis is shown in Appendix C-1.  

An alternative metals limit was also calculated and can be used to show compliance in

cases where metal HAP emissions are low in proportion to PM emissions.   This is because,

according to the emissions database, some biomass units have low metals content but high PM

emissions. The available emission test data for solid fuel boilers with either an ESP or a fabric

filter control were identified.  These tests were further screened for only those tests that included

emission results for all of the eight total selected metals: arsenic, beryllium, cadmium, chromium,

lead, manganese, nickel, and selenium.  The sum of the emissions of these eight metals, in terms of

lb/MMBtu, were then ranked from highest to lowest emissions.  Then, beginning with the highest

tests, those tests that also included corresponding PM data were identified.  For existing sources,

the first two highest test results for metals did not have corresponding PM data available.  The

third highest test did include corresponding PM data that indicated a PM emission level of 0.0196

lb/MMBtu which is below the MACT floor PM emission level for existing solid fuel sources. 

Because this source is meeting the MACT floor PM emission level, the corresponding alternative

metallic HAP emissions level for existing sources was set based on this source.  The alternative

metallic HAP MACT floor emissions level for existing sources is 0.001 lb/MMBtu.  This analysis

is shown in Appendix C-2.

The MACT floor emission level for inorganic HAP is based on HCl emissions test

information from units using wet or dry scrubbers or packed bed scrubbers.  Approximately

13 percent of the boilers in the population database used scrubbers.  The emissions database



260154-01-01/MACTFloor Analysis.wpd

contains HCl information on 9 different boilers using scrubbers.    In order to rank the units using

the best technology for which there were emission test data, unit by unit measured performance

levels were calculated by averaging the multiple tests from each individual test (if multiple tests

were available).  The best 12/13 of the units in the emissions database were identified (i.e., the

best 8 boilers).  The average HCl emission limit from the best 8 boilers is 0.00962 lb/MMBtu, and

the average variability level is 9.08.  Incorporating the variability, the MACT floor emission level

for HCl is 0.09 lb/MMBtu.  This analysis is shown in Appendix C-3.

The MACT floor emission level for mercury is based on emissions test information from

units using fabric filters.  Approximately 14 percent of the boilers in the population database used

scrubbers.  The emissions database contains mercury information on 7 different boilers using

scrubbers.    In order to rank the units using the best technology for which there were emission

test data, unit by unit measured performance levels were calculated by averaging the multiple tests

from each individual test (if multiple tests were available).  The best 12/14 of the units in the

emissions database were identified (i.e., the best 6 boilers).  The average mercury emission limit

from the best 6 boilers is 0.00000281 lb/MMBtu, and the average variability level is 2.49 (one

outlier variability factor was removed for the calculation.).  Incorporating the variability, the

MACT floor emission level for mercury is 0.000007 lb/MMBtu.  This analysis is shown in

Appendix C-4.

Some boilers and process heaters that use technologies other than those used as the basis

of the MACT floor may be able to achieve the MACT floor emission levels.  For example,

emission test data show that many boilers with well designed and operated ESP can meet the

MACT floor emission levels for nonmercury metallic HAP and PM, even though the floor

emission level for these pollutants is based on units using a fabric filters (however, we would not

expect that all units using ESP would be able to meet the emission limits in the proposed rule).

Small Solid Fuel Units - Heat Inputs Less than or Equal to 10 MMBtu/hr.

Because less than 6 percent of the units in this subcategory used control techniques that

limit emissions from any of the pollutant groups, the MACT floor emission level for existing units

for each of the pollutant categories in this subcategory is no emissions reductions.

Limited Use Solid Fuel Units - Capacity Utilizations Less than or Equal to 10 Percent.
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A PM limit was established as a surrogate for non-mercury metallic HAP control,

reflecting the emission test data from units using ESP and fabric filters that were representative of

the top 12 percent of units in the subcategory.

The emissions test database did not contain test data for limited use boilers and process

heaters.  In order to develop emission levels for this subcategory, information from units in the

large solid fuel subcategory was used.  This was considered to be an appropriate methodology

because although the units in this subcategory are different enough to warrant their own

subcategory (i.e., different purposes and operation), emissions of the specific types of HAP for

which limits are being proposed (HCl and nonmercury metals) are expected to be related more to

the type of fuel burned and the type of control used, than to unit operation.  Consequently, the

emissions information from the large solid fuel subcategory that is most representative of the units

in this subcategory was used to establish MACT floor levels for this subcategory because the fuels

and controls are similar.  

Appendix A-4 shows that of the top 12 percent of units in this subcategory, 5.8 percent

use fabric filters and 6.2 percent use ESPs.  In order to account for both controls, the emissions

database was reviewed for information on fabric filters and ESPs from solid fuel fired units.  The

emissions database contains significantly more information on units with ESPS than units with

fabric filters.  Less than 5.8 percent of the units in the emissions database have fabric filters. 

Therefore, the analysis used all the information from fabric filters and the remaining information

from 6.2 percent of the ESPs to calculate the MACT floor limit.  The ESP information was first

divided into units burning coal and those burning biomass.  The population database indicates that

the majority of boilers in this subcategory burn coal.  However, more emissions information is

available for units burning biomass.  In order to reflect the population database, all the units

burning coal were incorporated into the analysis.  The remaining ESPs burning biomass were

ranked from lowest to highest emissions and the units with the lowest emissions were included in

analysis of MACT floor emission limits.   The average emission limit from this population of units

(i.e., units with fabric filters, units with ESPs firing coal, and lowest emitting units with ESPS

firing biomass) was calculated to be 0.0273 lb/MMBtu, and the operational variability was

calculated to be 8.11.  The MACT floor emission level based on this test data, considering

operational variability, is 0.22 lb PM/MMBtu.  An alternative metals limit of 0.001 lb

metals/MMBtu was also calculated so that sources could show compliance in cases where metal
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HAP emissions are low in proportion to PM emissions.  The emissions database indicates that

some biomass units have low metals content but high PM emissions.  The emission level for

metals was selected from metals test data associated with PM emission tests from fabric filters

that met the MACT floor PM emission level.  The same methodology used to calculate the

alternative metals limit for large solid units was used from limited use units.  Appendix C-5 and C-

6 presents the calculation of PM emission limits for this subcategory.

Because fewer than 6 percent of units used controls that would reduce emissions of

organic HAP, inorganic HAP, and mercury, the median unit for these HAP grouping reflects no

emission reductions.  Therefore, the MACT floor for inorganic HAP, organic HAP and mercury

in this subcategory is no emission reductions. 

 Existing Liquid Fuel Boilers and Process Heaters.  Less than 6 percent of the units in

each of the liquid subcategories used control techniques that would reduce nonmercury metallic

HAP and PM, mercury, organic HAP, or acid gases, (such as HCl).  Therefore, for each

subcategory of liquid fueled boilers and process heaters, that the MACT floor is no emission

reductions for nonmercury metallic HAP, mercury, inorganic HAP, and organic HAP.

Existing Gaseous Fuel Boilers and Process Heaters.  No existing units in the gaseous

fuel-fired subcategories were using control technologies that achieve consistently lower emission

rates than uncontrolled sources for any of the pollutant groups of interest.  Therefore, the MACT

floor for existing sources in this subcategory is no emissions reductions for nonmercury metallic

HAP, mercury, inorganic HAP, and organic HAP.

8.2.2 New Source MACT Floor Emission Levels

For each pollutant type in each subcategory, the available emission test data from units

using the best control technology was used to identify the single unit with the best average

measured performance.  An emission limit, based on the measured performance of this single unit

was calculated by applying an appropriate variability factor to account for unavoidable variations

in emissions due to uncontrollable variations in fuel characteristics.

The approach use to calculate the MACT floors for new sources is somewhat different

from the approach used to calculate the MACT floors for existing sources.  While the MACT

floors for existing units are intended to reflect the average performance achieved by a

representative group of sources, the MACT floors for new units are meant to reflect the “emission
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control that is achieved in practice” by the best controlled source.  Thus, for existing units, the

central tendency of a set of multiple units is the focus, while for new units, the level of control

that is representative of that achieved by a single “best controlled” source is calculated.  As with

the analysis for existing sources the new unit analysis must account for variability.  To accomplish

this for new sources, for the fuel dependant HAP emissions, what the “best controlled” source can

achieve in light of the inherent and unavoidable variations in the HAP content of the fuel that such

unit might potentially use was necessary to be determined.  For non-fuel dependent HAP

emissions, on the other hand, the inherent variability of the control technology used by sources in

the category was analyzed.

Thus, for new units, after identifying the best control technology for each pollutant group

within each subcategory (based on the control technology rankings), the emissions data available

for boilers and process heaters controlled by these technologies was examined to determine

achievable emission levels for PM (as a surrogate for nonmercury metallic HAP), total selected

nonmercury metallic HAP, mercury, HCl (as a surrogate for inorganic HAP), and CO (as a

surrogate for organic HAP).  First, the units using the best control technology for which we had

emissions data were determined.  Then, the emission data for any unit with multiple test results

was average, and the units were ranked based on the unit by unit average measured emissions

performance.  Then, the unit with the best average measured emissions performance was

identified.  Finally, to estimate the emission control achievable by this unit, a variability factor was

applied to the average measured emissions performance of the best unit.  For fuel dependant HAP

emissions (mercury and HCl), the variability factor was calculated by looking at data on HAP

variability in coal, from an analysis of coal properties obtained through a utility-related

information collection request.  The fuel dependant variability factor was derived by dividing the

highest observed HAP concentration by the lowest observed HAP concentration from the utility

coal analysis.  This was done because coal available to utilities and industrial boilers an process

heaters are expected to be similar, and coal is the solid fuel that is routinely used in such units that

has generally the greatest degree of HAP variability.  Once the fuel dependant variability factors

were calculated, they were applied to the average measured emissions performance of the unit

with the best data to derive the MACT floor level of control.  This approach reasonably estimates

the best source’s level of control, adjusted for unavoidable variation in fuel characteristics which

have a direct impact on emissions. 
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For non-fuel dependant HAP emissions (PM), the appropriate variability factor was

calculated in the same general manner as for existing units.  A variability factor for each unit using

the same control technology as the unit with the best emissions data was calculated, and then the

overall variability in the measured emissions from units was determined using this technology by

averaging all the individual unit variability factors.  Finally, this overall variability factor was

applied to the average measured emissions performance of the unit with the best emissions data.

For new unit subcategories where no units in the subcategory employed any type of

control technology, data could not be identified to represent the level of control of the best

controlled similar unit.  Accordingly, the MACT floor level of control for such subcategories is no

emission reductions.

Large Solid Fuel Units - Heat Inputs Greater than 10 MMBtu/hr.  As described earlier, a

PM level is set as a surrogate for non-mercury metallic HAP and the MACT floor level of control

is a fabric filter.  The best performing boiler in the emissions database with a fabric filter has an

average emission limit of 0.0064.  See Appendix C-1. Incorporating the average variability for all

the units with fabric filters, 4.13, results in the MACT floor PM emission limit of 0.026

lb/MMBtu.  

An alternative metals limit was also calculated and can be used to show compliance in

cases where metals HAP emissions are low in proportion to PM emissions.  This is because,

according to the emissions database, some biomass units have low metals content but high PM

emissions. The available emission test data for solid fuel boilers with a fabric filter control were

identified.  These tests were further screened for only those tests that included emission results for

all of the eight total selected metals: arsenic, beryllium, cadmium, chromium, lead, manganese,

nickel, and selenium.  The sum of the emissions of these eight metals, in terms of lb/MMBtu, were

then ranked from highest to lowest emissions.  Then, beginning with the highest tests, those tests

that also included corresponding PM data were identified.  For new sources, the first three highest

test results for metals from a fabric filter did not have corresponding PM data available.  The

fourth highest test included corresponding PM data that indicated a PM emission level of 0.0096

lb/MMBtu which is below the new source MACT floor PM emission level.  Because this source is

meeting the MACT floor PM emission level, the corresponding alternative metallic HAP

emissions level for new sources was set based on this source.  The alternative metallic HAP
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emissions level for new sources is 0.00007 lb/MMBtu, which is rounded to 0.0001 lb/MMBtu. 

See Appendix C-2.

Hydrogen chloride emissions are dependent on the quantity of chlorine in the fuel burned. 

To estimate the emission control achievable by this unit, a variability factor was applied to the

average measured emissions performance of the best unit.  The variability factor was calculated by

looking at data on HAP variability in coal, from an analysis of coal properties obtained through a

utility-related information collection request.6  The fuel dependant variability factor was derived

by dividing the highest observed HAP concentration by the lowest observed HAP concentration

from the utility coal analysis.  This was done because coal available to utilities and industrial

boilers and process heaters are expected to be similar, and coal is the solid fuel that is routinely

used in such units that has generally the greatest degree of HAP variability.  Once the fuel

dependant variability factors were calculated, they were applied to the highest test result of the

unit with the lowest average emission level to derive the MACT floor level of control.  This unit

had two multiple test results.  Using the highest of the two test results was deemed more

appropriate than using the average of the two because a difference fuel mixture was combusted

during the two tests.  Fuel analysis information shows that chlorine content can vary from 20 ppm

to 3620 ppm for solid fired units.  A variability factory calculated by dividing the highest value by

the lowest value results in a value of 181.  See appendix C-7.  The variability factor was

multiplied by the highest test run average of the best performing unit, 0.0000996 lb/MMBtu

(indicated in Appendix C-3), resulting a MACT floor HCl emission level of 0.02 lb/MMBtu.  

Mercury emissions are dependent on the amount of mercury in the fuel burned.  Similar to

the HCl analysis, a variability factor for mercury was derived from the mercury content of coal.  

The fuel dependant variability factor was derived by dividing the highest observed HAP

concentration by the lowest observed HAP concentration from the utility coal analysis.  This was

done because coal available to utilities and industrial boilers and process heaters are expected to

be similar, and coal is the solid fuel that is routinely used in such units that has generally the

greatest degree of HAP variability.  Once the fuel dependant variability factors were calculated,

they were applied to the average emission level from the “best-controlled similar unit” (lowest

emitting) to derive the MACT floor level of control. Available fuel analysis information shows

that mercury content of coal boilers varies from 0.0254 ppm to 0.3186 ppm.  See Appendix C-7. 

A variability factor calculated by dividing the highest value by the lowest results in a value of
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12.54.   The best performing unit in the emissions database has a mercury emission level of

0.000000266 lb/MMBtu, as indicated in Appendix C-4.  Incorporating the variability with the

lowest emission level results in the MACT floor mercury emission level of 0.000003 lb

mercury/MMBtu. 

Small Solid Fuel Units - Heat Inputs Less than or Equal to 10 MMBtu/hr.  The emissions

database did not contain test data for boilers and process heaters less than 10 MMBtu/hr heat

input.  In order to develop emission levels for this subcategory, test data were  data from units in

the large solid subcategory were used.  This is considered an appropriate methodology because

although the units in this subcategory are different enough to warrant their own subcategory (i.e.,

different designs and emissions), emissions of the specific HAP for which limits are being

proposed (HCl, mercury, PM and metals) are expected to be related more to the type of fuel

burned and the type of control used than to the unit design.  Consequently, emissions test data

from units greater than 10 MMBtu/hr heat input were used to establish the MACT floor levels for

this subcategory for HCl, PM, nonmercury metallic HAP (using PM as a surrogate), and mercury

because the fuels and controls are similar.

Because the same emissions data for large units are used for the small subcategory, the

MACT floor emission levels are also the same.  The MACT floor emission levels based on

emissions data from the unit representing the best controlled similar source, and incorporating

operational variability, are 0.026 lb PM/MMBtu or 0.0001 lb selected nonmercury

metals/MMBtu,  0.000003 lb mercury/MMBtu, and 0.02 lb HCl/MMBtu. 

Limited Use Solid Fuel Units - Capacity Utilizations Less than or Equal to 10 Percent. 

The emissions test database did not contain test data for limited use boilers and process heaters. 

In order to develop emission levels for this subcategory, test data from units in the large solid fuel

subcategory were used.  This was considered to be an appropriate methodology because although

the units in this subcategory are different enough to warrant their own subcategory (i.e., different

purposes and operation), emissions of the specific types of HAP for which limits are being

proposed (HCl, mercury, and metals) are expected to be related more to the type of fuel burned

and the type of control used, than to unit operation.  Consequently, emissions information from

the large solid fuel subcategory could be used to establish MACT floor levels for this subcategory

because the fuels and controls are similar.  
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Because the same emissions data are used for limited use and large units, the MACT floor

emission levels are also the same.  The MACT floor emission levels based on test data from unit

representing the best controlled similar source, and incorporating operational variability, are 0.026

lb PM/MMBtu or 0.0001 lb metals/MMBtu, 0.000003 lb mercury/MMBtu, and 0.02 lb

HCl/MMBtu. 

Large Liquid Units - Heat Inputs Greater than 10 MMBtu/hr.  As discussed earlier, a PM

level is set as a surrogate for nonmercury metallic HAP.  The emissions database did not contain

test data for boilers and process heaters with ESP.  In order to develop a PM emission level for

this subcategory, test data from oil-fired utility boilers controlled with ESP were used.  Although

the units in this subcategory are generally smaller than utility boilers, emissions of the specific

HAP for which limits are being proposed (PM as a surrogate for metals) are expected to be

related more to the type of fuel burned and the type of control used than to the size of the unit. 

Consequently, emissions test data from oil-fired utility boilers could be used to establish the

MACT floor levels for this subcategory for non-mercury metallic HAP (using PM as a surrogate)

because the fuels and controls are similar.7

However, none of the utility boilers with ESP’s conducted multiple tests.  Consequently, a

variability factor could not be calculated in the manner described for solid units.  In order to

incorporate variability and also incorporate the best performing ESP, the highest uncontrolled PM

emission level (0.414 lb/MMBtu) reported was multiplied by the emission reduction achieve be

the best performing ESP (92 percent reduction in PM).  See Appendix D-1.  The resulting

emission limit, 0.03 lb/MMBtu was used as the MACT floor emission level for PM.  Unlike for

solid fuel subcategories, liquid fuels that are low in metals are not high in PM emissions. 

Therefore, an alternative metals standard for the liquid subcategories was not calculated.

There was no available emissions test data for HCl from liquid fuel-fired boilers. 

Therefore, the available fuel analysis chlorine data for residual oil and distillate oil was identified

for the purpose of determining a hydrogen  chloride emission limit for new sources in the liquid

subcategory.  There was one chlorine data point for distillate oil and six chlorine data points

available for residual oil.  The MACT floor emission limit calculations for HCl were done using

the highest residual oil data point of 160 mg chlorine/L.  See Appendix D-2.  Assuming that all

chlorine in the fuel would be emitted as HCl, the chlorine content value was converted to an

uncontrolled emission factor of 0.009 lb HCl/MMBtu. 
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For new sources in the large liquid fuel subcategory, the emission limit is based on the

performance of a packed scrubber which is assumed to achieve at least 95% reduction of

hydrogen chloride (although some can achieve up to 99 percent reduction).  Applying a 95%

reduction to the calculated uncontrolled residual oil emission factor results in an HCl limit of

0.0005 lb/MMBtu.

Small Liquid Units - Heat Inputs Less than or Equal to 10 MMBtu/hr.  The emissions test

database did not contain test data for liquid fuel boilers and process heaters less than

10 MMBtu/hr heat input capacity.  In order to develop emission levels for this subcategory,

information from units in the large liquid fuel subcategory was used.  Although the units in this

subcategory are different enough to warrant their own subcategory (i.e., different designs and

emissions), emissions of the specific types of HAP for which limits are being proposed (HCl and

metals) are expected to be more related to the type of fuel burned and the type of control than to

unit design.  Consequently, emissions information from units greater than 10 MMBtu/hr heat

input capacity could be used to establish MACT floor levels for this subcategory because the fuels

and controls are similar.  The MACT floor emission level based on PM test data from a liquid fuel

unit with an ESP representing the best controlled similar unit, and incorporating operational

variability, is 0.03 lb PM/MMBtu, i.e., the same as for large units because the same information is

used.  For new sources in the small liquid fuel subcategory, the same methodology described for

large units was used.  However, the emission limit is based on the performance of a wet scrubber

which is assumed to achieve at least 90 percent reduction of hydrogen chloride.  Applying a 90

percent reduction to the calculated uncontrolled residual oil emission factor results in an HCl limit

of 0.0009 lb/MMBtu.  The MACT floor for new sources in this subcategory is no emissions

reductions for mercury or organic HAP.

Limited Use Liquid Units - Capacity Utilizations Less than or Equal to 10 Percent.  The

emissions test database did not contain test data for limited use liquid fuel boilers and process

heaters.  In order to develop emission levels for this subcategory, information from units in the

large liquid fuel subcategory was used.  Although the units in this subcategory are different

enough to warrant their own subcategory (i.e., different purposes and operation), emissions of the

specific HAP for which limits are being proposed (HCl and metals) are more related to the type of

fuel burned and the type of control used than to unit operation.  Consequently, emissions

information from units greater than 10 MMBtu/hr heat input capacity could be used to establish
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MACT floor levels for this subcategory because the fuels and controls are similar.  The MACT

floor emission level based on PM test data from a liquid fuel unit with an ESP representing the

best controlled similar unit, and incorporating operational variability, is 0.03 lb PM/MMBtu, i.e.,

the same as for large units because the same data is used.  For new sources in the limited use

liquid fuel subcategory, the same methodology described for large units was used.  However, the

emission limit is based on the performance of a wet scrubber which is assumed to achieve at least

90 percent reduction of hydrogen chloride.  Applying a 90 percent reduction to the calculated

uncontrolled residual oil emission factor results in an HCl limit of 0.0009 lb/MMBtu. 

 Gaseous Fuel Units.   No existing units were using control technologies that achieve

consistently lower emission rates than uncontrolled sources for any of the pollutant groups of

interest.  Therefore, no limits were determined.   

9.0 ANALYSIS FOR INCLUSION OF PROCESS HEATERS

The process heaters in the population database were reviewed to determine what types of

add-on controls existed.  Many of these units were either gaseous fuel-fired or they did not have

control information available, both of which had no effect on the outcome of the MACT floor

analysis.  The few solid fuel-fired process heaters that did have control information used similar

control devices to those represented in the boiler MACT floor analysis, so that combining these

units into the overall MACT floor analysis had no effect on the results.

Also, there was very little emissions test data available for process heaters and even less

available for process heaters with the MACT floor level of control.  An analysis conducted for the

ICCR process heaters workgroup indicates that available data show that boiler emissions are an

adequate surrogate for heater data, and no significant differences were identified in heater and

boiler emissions.8  Therefore, the emissions data used from boilers to determine the MACT floor

emission levels was assumed to be representative of process heater emissions.
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Table 6-1.  Summary of MACT Floor Control Technologies

Source Subcategory
Non-mercury
metallic HAP Mercury Inorganic HAP Organic HAP

Existing Solid Large Fabric Filter Fabric Filter Scrubber None

Solid Small None None None None

Solid Limited ESP or 
Fabric Filter

None None None

Liquid Large None None None None

Liquid Small None None None None

Liquid Limited None None None None

Gas Large None None None None

Gas Small None None None None

Gas Limited None None None None

New Solid Large Fabric Filter Fabric Filter Packed Bed
Scrubber

CO monitoring

Solid Small Fabric Filter Fabric Filter Wet Scrubber None

Solid Limited Fabric Filter Fabric Filter Wet Scrubber CO monitoring

Liquid Large ESP None Packed Bed
Scrubber

CO monitoring

Liquid Small ESP None Wet Scrubber None

Liquid Limited ESP None Wet Scrubber CO monitoring

Gas Large None None None CO monitoring

Gas Small None None None None

Gas Limited None None None CO monitoring
None
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Table 8-1.  Summary of MACT Floor Emission Limits (lb/MMBtu)

Source Subcategory
Non-mercury
metallic HAP Mercury Inorganic HAP

Organic
HAP

Existing Solid Large 0.07 for PM
0.001 for metals

0.000007 0.09 for HCl None

Solid Small None None None None

Solid Limited 0.2 for PM
0.001 for metals

None None None

Liquid Large None None None None

Liquid Small None None None None

Liquid Limited None None None None

Gas Large None None None None

Gas Small None None None None

Gas Limited None None None None

New Solid Large 0.026 for PM
0.0001 for metals

0.000003 0.02 for HCl 400 ppm CO
limit

Solid Small 0.026 for PM
0.0001 for metals

0.000003 0.02 for HCl None

Solid Limited 0.026 for PM
0.0001 for metals

0.000003 0.02 for HCl 400 ppm CO
limit

Liquid Large 0.03 for PM None 0.0005 for HCl 400 ppm CO
limit

Liquid Small 0.03 for PM None 0.0009 for HCl None

Liquid Limited 0.03 for PM None 0.0009 for HCl 400 ppm CO
limit

Gas Large None None None 400 ppm CO
limit

Gas Small None None None 400 ppm CO
limit

Gas Limited None None None None
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APPENDIX A 

MACT Floor Control Technology Analysis Tables

(See Excel Spreadsheet “MACTfloorappA-D.xls”)



Appendix A-1.  List of Control Devices in ICCR Boiler Inventory and Survey Databases, and Assignments to Ranked Controls

Control Device Description Control Device Ranking Assignment

Wellman-Lord/Sodium Sulfite Scrubber Wet Scrubbers
Magnesium Oxide Scrubbing Wet Scrubbers
Dual Alkali Scrubbing Wet Scrubbers
Wet Lime Slurry Scrubbing Wet Scrubbers
Sodium Carbonate Scrubbing Wet Scrubbers
Sodium-Alkali Scrubbing System Wet Scrubbers
Alkaline Fly Ash Scrubbing Wet Scrubbers
Packed-Gas Absorption Column Packed scrubbers
Tray-Type Gas Absorption Column Wet Scrubbers
Impingement Plate Scrubber Wet Scrubbers
Venturi Scrubber Wet Scrubbers (venturi if combined w/cyclone/ESP)
Wet Scrubber High Efficiency Wet Scrubbers
Wet Scrubber Medium Efficiency Wet Scrubbers
Wet Scrubber Low Efficiency Wet Scrubbers
Wet Scrubber, General Wet Scrubbers
Gas Scrubber, General Wet Scrubbers
Flue Gas Desulfurization, General Flue Gas Desulfurization
Activated Carbon Adsorption Carbon Injection/Adsorption
Furnace Sorbent Injection (Dry) Furnace Sorbent Injection
Duct Sorbent Injection Duct Sorbent Injection
Dry Limestone Injection Duct Sorbent Injection
Limestone Injection, General Duct Sorbent Injection
Wet Limestone Injection Spray Dryer
Spray Tower Spray Dryer
Spray Dryer, General Spray Dryer
Dry Scrubbing, General Spray Dryer
Fluid Bed Dry Scrubber Spray Dryer
Electrostatic Precipitator High Efficiency ESP's
Electrostatic Precipitator Medium Efficiency ESP's
Electrostatic Precipitator Low Efficiency ESP's
Dry Electrostatic Granular Filter ESP's
Esp, General ESP's
Fabric Filter High Temperature Fabric Filter
Fabric Filter MediumTemperature Fabric Filter
Fabric Filter Low Temperature Fabric Filter
Fabric Filter, General Fabric Filter
Multiple Cyclone w/o Fly Cyclones
Multiple Cyclone w/ Fly Part. Air Filter Ash Reinj. Cyclones
Multiple Cyclone, General Cyclones
Centrifuge Collection High Efficiency Cyclones
Centrifuge Collection Medium Efficiency Cyclones
Centrifuge Collection Low Efficiency Cyclones
Wet Cyclonic Separator3 Cyclones
Single Cyclone Devices Cyclones
Gravity Collection High Efficiency Cyclones (mech.collect if combined w/ESP)
Gravity Collection Medium Efficiency Cyclones (mech.collect if combined w/ESP)
Gravity Collection Low Efficiency Cyclones (mech.collect if combined w/ESP)
Dynamic Separator (Dry) Cyclones (mech.collect if combined w/ESP)
Dynamic Separator (Wet) Cyclones (mech.collect if combined w/ESP)
Collectors, Settling Chambers, Sep.-General Cyclones (mech.collect if combined w/ESP)
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Appendix A-1.  List of Control Devices in ICCR Boiler Inventory and Survey Databases, and Assignments to Ranked Controls

Control Device Description Control Device Ranking Assignment

Low-Excess - Air Firing Not Included
Control Of % O2 In Combustion Air Not Included
Air To Fuel Ratio Not Included
Over - Fire Air (OFA), General Not Included
Mist Eliminator High Velocity Not Included
Mist Eliminator Low Velocity Not Included
Baffle Not Included
Catalytic Afterburner Not Included
Catalytic Afterburner-Heat Exchanger Not Included
Direct Flame Afterburner Not Included
Direct Flame Afterburner-Heata Exchanger Not Included
Flaring Not Included
Modified Furnace/Burner Design Not Included
Staged combustion Not Included
Flue Gas Recirculation Not Included
Reduced Combustion- Air Preheat Not Included
Steam Or Water Injection Not Included
Fuel - Low Nitrogen Content Not Included
Air Injection Not Included
Ammonia Injection Not Included
Sulfur Plant Not Included
Process Change Not Included
Vapor Recovery System Not Included
Liquid Filtration System Not Included
Process Enclosed Not Included
Process Gas Recovery Not Included
Dust Suppression-Water Spray Not Included
Dust Suppression- Chem Stabilization Not Included
Gravel Bed Filter Roof Tank Not Included
Catalytic Reduction Tank Not Included
Tube And Shell Condenser Not Included
Refrigerated Condenser Not Included
Barometric Condenser Not Included
Chemical Oxidation Not Included
Chemical Reduction Not Included
Chemical Neutralization Not Included
Water Curtain Not Included
Conservation Vent Not Included
Bottom Filling Not Included
Conversion To Variable Not Included
Moving Bed Dry Scrubber for EFR Tank Not Included
Miscellaneous Control Devices Not Included
Catalytic Oxidizer (For CO & VOC) Not Included
Evaporative Cooler Not Included
Low NOx Burners Not Included
Pre-Stratified Charge With Spark Angle Adj. Not Included
Selective Non-Catalytic Red. (NH3 Or Urea Inj) Not Included
Ingnition Timing Not Included
Alkalized Alumina Not Included
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Appendix A-2 -  MACT Floor Analysis for Large Solid Fuel Boiler Subcategory

Particulate Matter/Metals Inorganics

Control Ranking Category

R
a
n
k
 
1 # of Units % of Units 2 Total % Control Ranking Category

R
a
n
k # of Units % of Units Total %

Cyclone/ESP/FF 1 5 0.15% 0.15% Cyclone/ESP/Packed Scrubber 2 3 0.09% 0.09%
Cyclone/FF 1 127 3.74% 3.88% Cyclone/Packed Scrubber 2 12 0.35% 0.44%
Cyclone/FF/Wet Scrubber 1 2 0.06% 3.94% ESP/Packed Scrubber 2 1 0.03% 0.47%
Cyclone/FF/DSI 1 7 0.21% 4.15% Cyclone/SD/ESP 3 2 0.06% 0.53%
Cyclone/SD/FF 1 2 0.06% 4.21% Cyclone/FF/DSI 3 7 0.21% 0.74%
DSI/FF 1 37 1.09% 5.30% Cyclone/SD/FF 3 2 0.06% 0.79%
ESP/FF 1 6 0.18% 5.47% DSI/FF 3 37 1.09% 1.88%
Fabric Filter 1 245 7.21% 12.68% SD/ESP 3 8 0.24% 2.12%
Fabric Filter/FGD 1 3 0.09% 12.77% SD/FF 3 10 0.29% 2.41%
Fabric Filter/Wet Scrubber 1 10 0.29% 13.06% Cyclone/ESP/Wet Scrubber 4 5 0.15% 2.56%
Fabric Filter/FSI 1 14 0.41% 13.47% Cyclone/FF/Wet Scrubber 4 2 0.06% 2.62%
SD/FF 1 10 0.29% 13.77% Cyclone/Wet Scrubber 4 184 5.41% 8.03%
Cyclone/ESP 2 247 7.27% 21.04% Cyclone/FGD 4 1 0.03% 8.06%
Cyclone/ESP/Packed Scrubber 2 3 0.09% 21.12% DSI/ESP 4 5 0.15% 8.21%
Cyclone/ESP/Wet Scrubber 2 5 0.15% 21.27% ESP/Venturi/FGD 4 7 0.21% 8.41%
Cyclone/SD/ESP 2 2 0.06% 21.33% ESP/Wet Scrubber 4 11 0.32% 8.74%
DSI/ESP 2 5 0.15% 21.48% Fabric Filter/FGD 4 3 0.09% 8.83%
ESP 2 359 10.56% 32.04% Fabric Filter/Wet Scrubber 4 10 0.29% 9.12%
ESP/Venturi/FGD 2 7 0.21% 32.24% Flue Gas Desulfurization 4 5 0.15% 9.27%
ESP/Wet Scrubber 2 11 0.32% 32.57% Wet Scrubber 4 122 3.59% 12.86%
ESP/FSI 2 1 0.03% 32.60% Wet Scrubber/FGD 4 4 0.12% 12.97%
ESP/Packed Scrubber 2 1 0.03% 32.63% Cyclone/ESP/FF 8 5 0.15% 13.12%
Mechanical Collector/ESP 2 6 0.18% 32.80% Cyclone/FF 8 127 3.74% 16.86%
SD/ESP 2 8 0.24% 33.04% ESP/FF 8 6 0.18% 17.03%
Cyclone 3 4 1054 31.01% 64.05% Fabric Filter 8 245 7.21% 24.24%
Cyclone/Packed Scrubber 4 12 0.35% 64.40% Fabric Filter/FSI 8 14 0.41% 24.65%
Cyclone/Wet Scrubber 4 184 5.41% 69.81% Cyclone/ESP 8 247 7.27% 31.92%
Cyclone/FGD 4 1 0.03% 69.84% ESP 8 359 10.56% 42.48%
Flue Gas Desulfurization 5 5 0.15% 69.99% ESP/FSI 8 1 0.03% 42.51%
Wet Scrubber 5 122 3.59% 73.58% Mechanical Collector/ESP 8 6 0.18% 42.69%
Wet Scrubber/FGD 5 4 0.12% 73.70% Cyclone 8 1054 31.01% 73.70%
No Control 9 894 26.30% 100.00% No Control 9 894 26.30% 100.00%
No Information 10 458 No Information 10 458

Total Number of Units in the Solid Boiler Subcategory = 3851
Total Number of Units in the Solid Subcategory with Control Information = 3399

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis only includes boilers in the Inventory v4.0 and Survey v3.0 databases that were determined to be located at major sources.

3 Cyclone efficiency is specific here only to particulate matter control because cyclones are not efficient in controlling metals.
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Appendix A-3 -  MACT Floor Analysis for Small Solid  Fuel Boiler Subcategory

Particulate Matter/Metals Inorganics

Control Ranking Category

R
a
n
k
 
1 # of Units % of Units 2 Total % Control Ranking Category

R
a
n
k # of Units % of Units Total %

Fabric Filter 1 6 2.60% 2.60% Wet Scrubber 4 6 2.60% 2.60%
ESP 2 1 0.43% 3.03% Fabric Filter 8 6 2.60% 5.19%
Wet Scrubber 5 6 2.60% 5.63% ESP 8 1 0.43% 5.63%
Cyclone 3 8 104 45.02% 50.65% Cyclone 8 104 45.02% 50.65%
No Control 9 114 49.35% 100.00% No Control 9 114 49.35% 100.00%
No Information 10 41 No Information 10 41

Total Number of Units in the Solid Boiler Subcategory = 272
Total Number of Units in the Solid Subcategory with Control Information = 231

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis only includes boilers in the Inventory v4.0 and Survey v3.0 databases that were determined to be located at major sources.

3 Cyclone does not represent a MACT floor for the particulate matter/metals because cyclones are not efficient in controlling metals.
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Appendix A-4 - MACT Floor Analysis for Limited Use Solid Boiler Subcategory

Particulate Matter/Metals Inorganics

Control Ranking Category

R
a
n
k
 
1 # of Units % of Units 2 Total % Control Ranking Category

R
a
n
k # of Units % of Units Total %

Cyclone/FF 1 1 0.83% 0.83% DSI/FF 3 1 0.83% 0.83%
DSI/FF 1 1 0.83% 1.67% Cyclone/Wet Scrubber 4 1 0.83% 1.67%
ESP/FF 1 1 0.83% 2.50% ESP/Wet Scrubber 4 1 0.83% 2.50%
Fabric Filter 1 4 3.33% 5.83% Wet Scrubber 4 3 2.50% 5.00%
Cyclone/ESP 2 3 2.50% 8.33% Cyclone/FF 8 1 0.83% 5.83%
ESP 2 12 10.00% 18.33% ESP/FF 8 1 0.83% 6.67%
ESP/Wet Scrubber 2 1 0.83% 19.17% Fabric Filter 8 4 3.33% 10.00%
Cyclone 3 4 58 48.33% 67.50% Cyclone/ESP 8 3 2.50% 12.50%
Cyclone/Wet Scrubber 4 1 0.83% 68.33% ESP 8 12 10.00% 22.50%
Wet Scrubber 5 3 2.50% 70.83% Cyclone 8 58 48.33% 70.83%
No Control 9 35 29.17% 100.00% No Control 9 35 29.17% 100.00%
No Information 10 137 No Information 10 137

Total Number of Units in the Solid Boiler Subcategory = 257
Total Number of Units in the Solid Subcategory with Control Information = 120

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis only includes boilers in the Inventory v4.0 and Survey v3.0 databases that were determined to be located at major sources.

3 Cyclone efficiency is specific here only to particulate matter control because cyclones are not efficient in controlling metals.
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Appendix A-5 - MACT Floor Analysis for Large Liquid Fuel Boiler Subcategory

Control Device

R
a
n
k
 
1 # of Units % of Units2 Total % Control Device

R
a
n
k # of Units % of Units Total %

Cyclone/FF 1 2 0.07% 0.07% Cyclone/Venturi 2 1 0.03% 0.03%
Fabric Filter 1 44 1.50% 1.57% Packed Scrubber 2 1 0.03% 0.07%

ESP/Wet Scrubber 2 1 0.03% 1.60% Cyclone/FGD 4 1 0.03% 0.10%

Cyclone/ESP 2 2 0.07% 1.67% Cyclone/Wet Scrubber 4 16 0.55% 0.65%
ESP 2 17 0.58% 2.25% ESP/Wet Scrubber 4 1 0.03% 0.68%

Cyclone/FGD 4 1 0.03% 2.28% FGD 4 4 0.14% 0.82%
Cyclone/Venturi 4 1 0.03% 2.32% Wet Scrubber 4 70 2.39% 3.20%

Cyclone/Wet Scrubber 4 16 0.55% 2.86% Cyclone/FF 8 2 0.07% 3.27%
FGD 5 4 0.14% 3.00% Fabric Filter 8 44 1.50% 4.77%

Packed Scrubber 5 1 0.03% 3.03% Cyclone/ESP 8 2 0.07% 4.84%
Wet Scrubber 5 70 2.39% 5.42% ESP 8 17 0.58% 5.42%

No Control 8 2774 94.58% 100% No Control 8 2774 94.58% 100.00%
No Information 9 2366 No Information 9 2366

Total Number of Liquid Boilers = 5299
Total Number of Liquid Boilers (with control information) = 2933

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis includes only boilers in the Inventory v4.0 and Survey v3.0 databases that were determined to be located at major sources.

Particulate Matter/Metals Inorganics
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Appendix A-6 - MACT Floor Analysis for Limited Use Liquid Boiler Subcategory

Control Device

R
a
n
k
 
1 # of Units % of Units2 Total % Control Device

R
a
n
k # of Units % of Units Total %

Cyclone/FF 1 2 0.41% 0.41% Cyclone/Wet Scrubber 4 1 0.21% 0.21%
Fabric Filter 1 7 1.44% 1.86% Wet Scrubber 4 7 1.44% 1.65%

ESP 2 4 0.82% 2.68% Cyclone/FF 8 2 0.41% 2.06%
Cyclone/Wet Scrubber 4 1 0.21% 2.89% Fabric Filter 8 7 1.44% 3.51%

Wet Scrubber 5 7 1.44% 4.33% ESP 8 4 0.82% 4.33%
No Control 8 464 95.67% 100% No Control 8 464 95.67% 100%

No Information 9 780 No Information 9 780

Total Number of Liquid Boilers = 1265
Total Number of Liquid Boilers (with control information) = 485

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis includes only boilers in the Inventory v4.0 and Survey v3.0 databases that were determined to be located at major sources.

Particulate Matter/Metals Inorganics
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Appendix A-7 - MACT Floor Analysis for Small Liquid Fuel Boiler Subcategory

Control Device

R
a
n
k
 
1 # of Units % of Units2 Total % Control Device

R
a
n
k # of Units % of Units Total %

Cyclone/FF 1 6 0.73% 0.73% Wet Scrubber 4 3 0.37% 0.37%
Fabric Filter 1 17 2.08% 2.81% Cyclone/FF 8 6 0.73% 1.10%

ESP 2 1 0.12% 2.93% Fabric Filter 8 17 2.08% 3.17%
Wet Scrubber 5 3 0.37% 3.30% ESP 8 1 0.12% 3.30%

No Control 8 792 96.70% 100.00% No Control 8 792 96.70% 100.00%
No Information 9 751 No Information 9 751

Total Number of Liquid Boilers = 1570
Total Number of Liquid Boilers (with control information) = 819

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis includes only boilers in the Inventory v4.0 and Survey v3.0 databases that were determined to be located at major sources.

Particulate Matter/Metals Inorganics
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Appendix A-8 - MACT Floor Analysis for Large Gaseous Fuel Subcategory

Particulate Matter/Metals (not expected to be present in gas) Inorganics

Control Combination

R
a
n
k
 
1

# of 
Units

% of 

Units 2 Total % Control Combination

R
a
n
k # of Units % of Units Total %

No Control 13575 100.00% 100.00% No Control 13575 100.00% 100.00%

No Information 14651 No Information 14651

Number of Gas Boilers = 28226
Number of Gas Boilers with Control Information = 13575

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis only includes boilers in the Inventory v4.0 and Survey v2.0 databases that were determined to be located at major sources.
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Appenidx A-10.  MACT Floor Analysis for Limited Use Gaseous Fuel Subcategory

Particulate Matter/Metals (not expected to be present in gas) Inorganics

Control Combination

R
a
n
k
 
1

# of 
Units % of Units 2 Total % Control Combination

R
a
n
k

# of 
Units % of Units Total %

No Control 1246 100.00% 100.00% No Control 1246 100.00% 100.00%

No Information 1693 No Information 1693

Number of Gas Boilers = 2939
Number of Gas Boilers with Control Information = 1246

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis only includes boilers in the Inventory v4.0 and Survey v2.0 databases that were determined to be located at major sources.
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Appendix A-9 - MACT Floor Analysis for Small Gaseous Fuel Subcategory

Particulate Matter/Metals (not expected to be present in gas) Inorganics

Control Combination

R
a
n
k
 
1 # of Units % of Units 2 Total % Control Combination

R
a
n
k # of Units % of Units Total %

No Control 9652 100.00% 100.00% No Control 9652 100.00% 100.00%

No Information 11715 No Information 11715

Number of Gas Boilers = 21367
Number of Gas Boilers with Control Information = 9652

1 Rankings are based on information in emissions database, previous EPA projects, and engineering judgement.  Controls are assumed to consistently

achieve a removal efficiency.  The rankings are as follows:
1 = >99% control 5 = >50% control
2 = >98% control 6 = >30% control
3 = >90% control 7 = <30% control
4 = >75% control 8 = no control

2 The percent of units with a control combination is based on the population for which "control" or "no control" is specified.

* This analysis only includes boilers in the Inventory v4.0 and Survey v2.0 databases that were determined to be located at major sources.
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APPENDIX B 

Summary of CO Monitoring Information

(See Excel Spreadsheet “MACTfloorappA-D.xls”)



Appendix B-1 - State CO Monitoring Requirements and Applicability to Gas Boiler Subcategory
(based on State Regulations as applied to Inventory v4 and Survey v2 databases)

GCP Requirement State  # Units Affected
% of Subcategory 

Affected*
Gas fired units California 449

Massachusetts 13
Texas 0
Total 462 1.72%

Liquid fired units California 83
Massachusetts 175

Texas 0
Total 258 2.08%

Solid fired units California 35
Massachusetts 21

Texas 1
Total 57 1.36%

* The percent of boilers affected in the subcategory is based on the population of boilers in the subcategory

for which the applicability of the GCP requirement could be assessed.
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APPENDIX C 

 Emission Limit Analysis Tables for Solid Subcategories

(See Excel Spreadsheet “MACTfloorappA-D.xls”)



Appendix C-1.  Calculation of PM Emission Limits for Existing Large Solid Fired Units 

Test ID Facility Name Fuel Type Control Level Avg Emission Factor (lb/MMBtu)Lowest Highest
Variability Factor 
(Highes/lowest) Comment

E604.001 J.M. Huber Corporation Wood Fabric Filter 0.065 6.50E-02 6.50E-02 a

E1020.001 Energy Products of Idaho, Inc. Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter 0.0019

E1020.002 Energy Products of Idaho, Inc. NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF SolidFabric Filter 0.00154

0.00172 1.54E-03 1.90E-03 1.23E+00

E605.001 Hoechst Celanese Chemical Group Coal Fabric Filter 0.0433

E605.002 Hoechst Celanese Chemical Group Coal Fabric Filter 0.0338

0.03855 3.38E-02 4.33E-02 1.28E+00

E642.001 Georgia Pacific Corporation Wood Fabric Filter 0.0130

E642.002 Georgia Pacific Corporation Wood Fabric Filter 0.1480 b

E643.001 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter 0.0073

E643.002 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter 0.0139

E645.001 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter 0.0042

E645.002 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter 0.0028

0.0083 2.82E-03 1.30E-02 4.61E+00

E697.006c James River Paper Company Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter/Limestone Injection (DSI) 0.0156

E697.010c James River Paper Company NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF SolidFabric Filter/Limestone Injection (DSI) 0.00607

0.010835 6.07E-03 1.56E-02 2.57E+00

E738.002 Kimberly-Clark Corporation Wood Fabric Filter 0.0274

E738.003 Kimberly-Clark Corporation Wood Fabric Filter 0.0702

E739.001 Kimberly-Clark Corporation Wood Fabric Filter 0.0146

E739.002 Kimberly-Clark Corporation Wood Fabric Filter 0.0104

E739.003 Kimberly-Clark Corporation Wood Fabric Filter 0.0283

0.0302 1.04E-02 7.02E-02 6.75E+00

E795.006 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter/Spray Dryer 0.0032

E795.023 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter/Spray Dryer 0.0020

E797.011 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter/Spray Dryer 0.00528

E797.020 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter/Spray Dryer 0.0284

E798a.011 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter/Spray Dryer 0.0030

E798a.025 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood Fabric Filter/Spray Dryer 0.0011
E798b.001 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF SolidFabric Filter/Spray Dryer 0.0018

0.0064 1.10E-03 5.28E-03 4.80E+00 f

E834b.001 Yellowstone Energy Limited Partnership Coal Fabric Filter 0.0405

E834b.002 Yellowstone Energy Limited Partnership Coal Fabric Filter 0.0152

E834b.003 Yellowstone Energy Limited Partnership Coal Fabric Filter 0.0040

0.0199 4.00E-03 4.05E-02 1.01E+01

E883.003 Weyerhaeuser Paper Company Coal/Wood/NFF Liquid/NFF SolidFF/Wet Scrubber 0.0096

E883.004 Weyerhaeuser Paper Company Coal/Wood/NFF Liquid/NFF SolidFF/Wet Scrubber 0.0164

E884.002 Weyerhaeuser Paper Company Coal/Wood/NFF Liquid/NFF SolidFF/Wet Scrubber 0.0109

0.0123 9.63E-03 1.64E-02 1.70E+00

Average of average emission levelsc 0.0160

Average variability factord 4.1341

Emission Limit with variabilitye
0.07

a Average emision level not included in top 12 percent.

b Emission point is an outlier and not used in analysis.

c Calculated by averaging all the average emission factors except ones that are not in the top 12 percent.

d  Calculated by averaging all the variability factors.

e Calculated by multiplying variability factor and average emission level.

f Best controlled source for new source analysis.



Appendix C-2.  Total Selected Metals MACT Floor Emission Level Analysis for Solid Fuel Subcategories

ID Material Control Level

Total Selected Metals EF 
(lb/MMMBtu) - Sorted from 

Highest to Lowest
E206.001c2 Coal Fabric Filter 3.643E-03
E233.002c Coal ESP 1.216E-03

E209a.002c Coal ESP 0.00084012**

E232.001c Coal ESP 4.157E-04
E273.005 Wood ESP 3.866E-04
E692.003 Coal/Wood/NFF Liquid/NFF Solid ESP 3.787E-04

E208a.001c Coal ESP 3.376E-04
E208b.001c Coal ESP 3.089E-04
E204.005c Coal ESP 2.873E-04
E740.001 Wood ESP 2.842E-04
E692.001 Coal/Wood/NFF Liquid/NFF Solid ESP 2.810E-04
E692.002 Coal/Wood/NFF Liquid/NFF Solid ESP 2.579E-04
E232.002c Coal ESP 2.390E-04
E204.004c Coal ESP 2.321E-04
E209b.002c Coal ESP 2.220E-04
E735.019 Coal ESP 1.998E-04
E724.001 Wood ESP 1.747E-04

E202.001c1 Coal ESP 1.545E-04
E236.001c Coal ESP 1.531E-04
E735.022 Coal ESP 1.331E-04
E724.010 Wood ESP 1.260E-04
E200.001C Coal ESP 1.170E-04
E519.001 Wood/Other Biomass/NFF Liquid/NFF Solid ESP 1.052E-04
E735.015 Coal ESP 9.677E-05
E625.001 Wood ESP/Venturi Scrubber 8.346E-05
E200.008 Coal ESP 7.638E-05

E775 NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid Fabric Filter 7.552E-05
E27 Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 7.462E-05

E229.002c1 Coal ESP 7.136E-05

E883.003 Coal/Wood/NFF Liquid/NFF Solid FF/Wet Scrubber 0.000069353***

E206.001c1 Coal Fabric Filter 6.343E-05
E221.001c2 Coal ESP/Flue Gas Desulfurization 6.135E-05
E739.001 Wood Fabric Filter 5.598E-05

E202.001c2 Coal ESP/Flue Gas Desulfurization 5.293E-05
E239.001c Coal Fabric Filter/Spray Dryer 5.249E-05

E27-2 Wood Fabric Filter/Limestone Injection (DSI) 4.732E-05
E268.002 Wood ESP 4.089E-05

E221.001c1 Coal ESP 3.375E-05
E222.002cdup Coal ESP/SD 3.230E-05

E404.001 Wood ESP 2.888E-05
E523.003 Wood ESP 2.888E-05
E222.002c Coal ESP/SD 2.796E-05
E206.001c3 Coal Fabric Filter 2.666E-05
E229.002c2 Coal ESP/Flue Gas Desulfurization 2.658E-05
E833.006 Wood Fabric Filter/Limestone Injection (DSI) 2.016E-05
E266.002 Wood ESP 1.994E-05
E230.001c Coal ESP 1.657E-05

E14 Coal Fabric Filter/Limestone Injection (DSI) 1.500E-05
E231.001c Coal Fabric Filter/Flue Gas Desulfurization 1.227E-05
E833.005 Wood Fabric Filter/Limestone Injection (DSI) 1.066E-05
E224.016 Coal Fabric Filter 9.027E-06

E20 Coal Fabric Filter/Limestone Injection (DSI) 5.572E-06
E11 Coal ESP/Venturi Scrubber 3.956E-06

E224.022 Coal Fabric Filter 3.586E-06
E15 Coal Fabric Filter/Limestone Injection (DSI) 3.331E-06

E218.003 Coal ESP 2.649E-06

** This test is the basis for the existing source floor emission limit for total selected metals with a corresponding PM emission level of 0.0196 lb/MMBtu.

*** This test is the basis for the new source floor emission limit for total selected metals with a corresponding PM emission level of 0.0096 lb/MMBtu.



Appendix C-3.  Calculation of HCl Emission Limts for Large Solid Fired Units

Test ID Facility Name Fuel Type Control Level

Avg Emission 
Factor 

(lb/MMBtu) Lowest Highest
Variability Factor 
(Highes/lowest) Comments

E27.003 Delano Energy Company, Inc. Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 0.00952
E27.010 Delano Energy Company, Inc. Wood Fabric Filter/Limestone Injection (DSI) 0.0102

0.00986 9.52E-03 1.02E-02 1.07E+00

E607.001 Georgia Pacific Wood/Other Biomass/NFF Liquid/NFF Solid Cyclone/Spray Dryer 0.0211

E607.002 Georgia Pacific Wood/Other Biomass/NFF Liquid/NFF Solid Cyclone/Spray Dryer 0.0018

E608.003 Georgia Pacific Wood/Other Biomass/NFF Liquid/NFF Solid Cyclone/Spray Dryer 0.0258
0.016233333 1.80E-03 2.58E-02 1.43E+01

E614.004 American Ref-Fuel Company Wood ESP/Limestone Injection (DSI) 0.0476 a

E697.004c James River Paper Company Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 0.00389

E697.012c James River Paper Company NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 0.0156

E697.012u James River Paper Company NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid Limestone Injection (DSI) 0.108
0.042496667 3.89E-03 1.56E-02 4.01E+00

E794.004
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood Fabric Filter/Spray Dryer 0.00289

E795.006
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.000349

E795.023
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.000236

E797.008
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.00251

E797.017
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.00534

E798a.008
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.000463

E798a.022
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood Fabric Filter/Spray Dryer 0.000373

E798b.001
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.00116

0.001665125 2.36E-04 5.34E-03 2.26E+01

E735.005 Champion International Corp. Coal/Wood/NFF Liquid/NFF Solid Venturi Scrubber 0.00242

E784.004
Inland Paperboard and Packaging, 
Inc. Gas/Wood/Other Biomass/Liquid FF Venturi Scrubber 0.000434

E958.003 Champion International Corporation Gas/Wood/Other Biomass/Liquid FF Venturi Scrubber 0.00382

E986.001 International Paper Company Wood/Other Biomass/NFF Liquid/NFF Solid Venturi Scrubber 0.0000996 b

E986.007 International Paper Company Gas/Wood/Other Biomass/Liquid FF Venturi Scrubber 0.0000296
0.0000646 2.96E-05 9.96E-05 3.36E+00

Average of average emission levelsc
0.0096

Average variability factord
9.08

Emission Limit with variabilitye
0.09

a Average emision level not included in top 12 percent.
b Best controlled source for new source analysis.
c Calculated by averaging all the average emission factors except ones that are not in the top 12 percent.
d  Calculated by averaging all the variability factors.
e Calculated by multiplying variability factor and average emission level.
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Appendix C-4.  Calculation of Mercury Emission Limts for Existing Large Solid Fired Units

Test ID Facility Name Fuel Type Control Level

Avg Emission 
Factor 

(lb/MMBtu) Lowest Highest
Variability Factor 
(Highes/Lowest) Comment

E27.001 Delano Energy Company, Inc. Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 6.22E-07
E27.008 Delano Energy Company, Inc. Wood Fabric Filter/Limestone Injection (DSI) 4.28E-07
E833.005 Delano Energy Company, Inc. Wood Fabric Filter/Limestone Injection (DSI) 7.52E-09
E833.006 Delano Energy Company, Inc. Wood Fabric Filter/Limestone Injection (DSI) 7.56E-09

2.66E-07 7.52E-09 6.22E-07 8.27E+01 a

E15.002
GWF Power Systems Co.:  Hanford 
Site Coal Fabric Filter/Limestone Injection (DSI) 5.26E-07

E20.004
GWF Power Systems Co.:  Hanford 
Site Coal Fabric Filter/Limestone Injection (DSI) 5.04E-07

5.15E-07 5.04E-07 5.26E-07 1.04E+00

E697.007 James River Paper Company Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 6.06E-06

E697.011 James River Paper Company NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 9.80E-06
7.93E-06 6.06E-06 9.80E-06 1.62E+00

E738.002 Kimberly-Clark Corporation Wood Fabric Filter 1.08E-06
E739.001 Kimberly-Clark Corporation Wood Fabric Filter 2.81E-07

6.81E-07 2.81E-07 1.08E-06 3.84E+00

E1.006 National Cogeneration Plant Coal Fabric Filter 5.15E-06

E794.001
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood Fabric Filter/Spray Dryer 1.85E-06

E795.005
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 1.51E-06

E795.013
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood Fabric Filter/Spray Dryer 1.37E-06

E795.021
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 1.26E-06

E797.010
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 3.59E-06

E797.019
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 2.73E-06

E798a.010
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 2.80E-06

E798a.024
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood Fabric Filter/Spray Dryer 4.37E-06

E798b.006
Wheelabrator Ridge Energy Inc. - 
Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 7.00E-07

2.24E-06 1.26E-06 4.37E-06 3.47E+00

E1021.001 CAPCO Co-generation Plant Coal Fabric Filter 1.08E-05 b

Average of average emission levelsc 2.80E-06

Average variability factord 2.49E+00

Emission Limit with variabilitye
6.97E-06

a Best controlled source for new source analysis.
b average emission level not included in top 12 percent.
c Calculated by averaging all the average emission factors except ones that are not in top 12 percent
d Calculated by averaging all the variability factors
e Calculated by multiplying variability factor and average emission level.
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Appendix C-5.  Calculation of PM Emission Limits for Existing Limited Use Solid Units

Test IDf Facility Name Fuel Type Control Level

Avg Emission 
Factor 

(lb/MMBtu) Lowest Highest Highes/lowest

E735.015 Champion International Corp. Coal ESP 0.1220

E735.019 Champion International Corp. Coal ESP 0.0818

E627.007 Champion International Coal ESP 0.0391 0.029 0.048 1.630

E735.022 Champion International Corp. Coal ESP 0.0333

E925.001 Southeast Paper Manufacturing Company Coal ESP 0.0048

E683.004 Consolidated Papers, Inc -  Wisconsin River Plant Coal/Wood/NFF Liquid/NFF Solid ESP 0.0849 0.049 0.121 2.480

E684.001 Niagara of Wisconsin Paper Co. Coal/Wood/NFF Liquid/NFF Solid ESP 0.0836

E722.001 Blandin Paper Co. Coal/Wood/NFF Liquid/NFF Solid ESP 0.0259 0.005 0.047 9.611

E692.003 Packaging Corporation of America Coal/Wood/NFF Liquid/NFF Solid ESP 0.0096 0.004 0.014 3.710

E688.001 Temple-Inland Forest Products Corporation Wood ESP 0.2720 a
E930.001 Georgia Pacific Corporation  -  Hardboard Plant Wood ESP 0.1170 a

E740.003 Grays Harbor Paper Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0903 0.068 0.113 1.674 a

E610.002c Georgia Pacific Wood ESP 0.0789 0.019 0.196 10.208 a

E265.003 Pacific Oroville Power Company Wood ESP 0.0524 0.020 0.091 4.653 a
E906.001 International Paper  -  Ticonderoga Mill NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid ESP 0.0509 a

E536.001 Northern State Power Bay Front Steam Plant Wood ESP 0.0478 a

E724.010 Craven County Wood Energy Plant Wood ESP 0.0402 0.029 0.051 1.759 a

E767.006 Alaska Pulp Corporation NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid ESP/Flue Gas Desulfurization 0.0390 a

E706.018 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0302 0.005 0.145 27.103 a

E935.002 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0222 0.016 0.029 1.858 a

E675.001 Boise Cascade Paper Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0203 0.005 0.044 8.277 a

E767.001 Alaska Pulp Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0178 a

E628.001 Willamette Industries Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0165 a

E614.001 American Ref-Fuel Company Wood ESP/Limestone Injection (DSI) 0.0162 a

E1026.051 NR - site 2 Wood ESP 0.0161 0.001 0.080 70.973 a

E783a.004 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0159 0.006 0.032 4.915 a

E266.002 Pacific Gas & Electric Company Wood ESP 0.0126 a

E529.001 NR Wood ESP 0.0125

E779.017 Wheelabrator Shasta Energy Company Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0107 0.001 0.025 17.431

E522.001 Viking Energy of McBain Wood ESP 0.0101 0.005 0.018 4.049

E710.001 Koppers Industries, Inc. Wood ESP 0.0094

E734.004 LFC Power Systems Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0089 0.004 0.016 4.201

E679.008 Consolidated Papers, Inc. NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid ESP 0.0076

E527.001 BVTBC Genesee Power Station Wood ESP 0.0044 0.000 0.021 7033.333

E613.001 American Ref-Fuel Company Wood ESP 0.0044

E268.003 Sierra Pacific Wood ESP 0.0039 0.002 0.006 2.518

E765.002 Smurfit Newsprint Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0032 0.003 0.003 1.048

E600.012 Washington Water Power Co. Gas/Wood/Other Biomass/Liquid FF ESP 0.0017 0.001 0.003 2.259

E604.001 J.M. Huber Corporation Wood Fabric Filter 0.065

E605.002 Hoechst Celanese Chemical Group Coal Fabric Filter 0.039 0.034 0.043 1.281

E739.003 Kimberly-Clark Corporation Wood Fabric Filter 0.030 0.010 0.070 6.750

E834b.003 Yellowstone Energy Limited Partnership Coal Fabric Filter 0.020 0.004 0.041 10.125

E884.002 Weyerhaeuser Paper Company Coal/Wood/NFF Liquid/NFF Solid FF/Wet Scrubber 0.012 0.010 0.016 1.703

E697.010c James River Paper Company NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 0.011 0.006 0.016 2.570

E645.002 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter 0.008 0.003 0.013 4.610

E798b.001 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.006 0.001 0.005 4.800

E1020.002 Energy Products of Idaho, Inc. NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid Fabric Filter 0.002 0.002 0.002 1.234

Average Emission Limitb 0.0273

Variability Factorc 8.11E+00

Average incorporating variabilityd 0.22171822

a average emission level not included in top 12 percent.
b Calculated by averaging all the average emission factors except ones that are not in top 12 percent
c Calculated by averaging all the variability factors
d Calculated by multiplying variability factor and average emission level.
f Faciltiy/test have more than one test ID associated with it.  Only one test ID from the test reports was included as an identifier for the facility.  See Appendix C-6 for detailed emissions information for each test.

Coal-ESP

Biomass-ESP

Comment

Fabric Filters
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Appendix C-6.  Calculation of PM Emission Limits for Existing Limited Use Solid Units (Detailed Emissions Information)

Test ID Facility Name Fuel Type Control Level

Avg Emission 
Factor 

(lb/MMBtu) Lowest Highest Highes/lowest Comment

E767.001 Alaska Pulp Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0178

E767.006 Alaska Pulp Corporation NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid ESP/Flue Gas Desulfurization 0.039

E613.001 American Ref-Fuel Company Wood ESP 0.00443

E614.001 American Ref-Fuel Company Wood ESP/Limestone Injection (DSI) 0.0162

E721.001 Blandin Paper Co. Coal/Wood/NFF Liquid/NFF Solid ESP 0.047
E722.001 Blandin Paper Co. Coal/Wood/NFF Liquid/NFF Solid ESP 0.00489

0.025945 4.89E-03 4.70E-02 9.61E+00

E676.004 Boise Cascade - White Paper Division Facility Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.016
E676.005 Boise Cascade - White Paper Division Facility Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0119
E674.001 Boise Cascade Paper Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0442
E674.002 Boise Cascade Paper Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.024
E675.001 Boise Cascade Paper Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.00534

0.020288 5.34E-03 4.42E-02 8.28E+00

E617.001 BVTBC Genesee Power Station Wood ESP 0.0211
E618.003 BVTBC Genesee Power Station Wood ESP 0.00195
E619.001 BVTBC Genesee Power Station Wood ESP 0.0026
E620.002 BVTBC Genesee Power Station Wood ESP 0.003

E525.001 BVTBC Genesee Power Station Wood ESP 0.000262

E526.001 BVTBC Genesee Power Station Wood ESP 0.00211

E527.001 BVTBC Genesee Power Station Wood ESP 0.000003
0.00443214 3.00E-06 2.11E-02 7.03E+03

E627.001 Champion International Coal ESP 4.59E-08 a
E627.003 Champion International Coal ESP 0.0402
E627.005 Champion International Coal ESP 0.0478
E627.007 Champion International Coal ESP 0.029333349

0.03911112 2.93E-02 4.78E-02 1.63E+00

E735.015 Champion International Corp. Coal ESP 0.122

E735.019 Champion International Corp. Coal ESP 0.0818

E735.022 Champion International Corp. Coal ESP 0.0333

E683.001 Consolidated Papers, Inc -  Wisconsin River Plant Coal ESP 0.0488
E683.004 Consolidated Papers, Inc -  Wisconsin River Plant Coal/Wood/NFF Liquid/NFF Solid ESP 0.121

0.0849 4.88E-02 1.21E-01 2.48E+00

E679.008 Consolidated Papers, Inc. NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid ESP 0.00761

E724.001 Craven County Wood Energy Plant Wood ESP 0.0512
E724.010 Craven County Wood Energy Plant Wood ESP 0.0291

0.04015 2.91E-02 5.12E-02 1.76E+00

E610.001cn Georgia Pacific Wood ESP 0.0192
E610.001cs Georgia Pacific Wood ESP 0.0216
E610.002c Georgia Pacific Wood ESP 0.196

0.07893333 1.92E-02 1.96E-01 1.02E+01

E706.001 Georgia Pacific  -  Brunswick Wood ESP 0.0323
E706.002 Georgia Pacific  -  Brunswick Wood ESP 0.0273
E706.004 Georgia Pacific  -  Brunswick Wood ESP 0.0104
E706.005 Georgia Pacific  -  Brunswick Wood ESP 0.0112
E706.006 Georgia Pacific  -  Brunswick Wood ESP 0.027
E706.008 Georgia Pacific  -  Brunswick Wood ESP 0.0192
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Appendix C-6.  Calculation of PM Emission Limits for Existing Limited Use Solid Units (Detailed Emissions Information)

Test ID Facility Name Fuel Type Control Level

Avg Emission 
Factor 

(lb/MMBtu) Lowest Highest Highes/lowest Comment

E706.009 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.00535
E706.010 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.00936
E706.011 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0329
E706.012 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.145
E706.013 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0157
E706.014 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0586
E706.015 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0289
E706.016 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0226
E706.017 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0116
E706.018 Georgia Pacific  -  Brunswick Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0258

0.03020063 5.35E-03 1.45E-01 2.71E+01

E935.001 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0155
E935.002 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0288

0.02215 1.55E-02 2.88E-02 1.86E+00

E783a.001 Georgia Pacific Corporation Wood ESP 0.00645
E783a.002 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0105
E783a.003 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0149
E783a.004 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0317

0.0158875 6.45E-03 3.17E-02 4.91E+00

E930.001 Georgia Pacific Corporation  -  Hardboard Plant Wood ESP 0.117

E740.001 Grays Harbor Paper Wood ESP 0.0675
E740.003 Grays Harbor Paper Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.113

0.09025 6.75E-02 1.13E-01 1.67E+00

E906.001 International Paper  -  Ticonderoga Mill NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid ESP 0.0509

E710.001 Koppers Industries, Inc. Wood ESP 0.00942

E734.001 LFC Power Systems Corporation Wood ESP 0.0069
E734.002 LFC Power Systems Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.00947
E734.003 LFC Power Systems Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.00369
E734.004 LFC Power Systems Corporation Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0155

0.00889 3.69E-03 1.55E-02 4.20E+00

E684.001 Niagara of Wisconsin Paper Co. Coal/Wood/NFF Liquid/NFF Solid ESP 0.0836

E536.001 Northern State Power Bay Front Steam Plant Wood ESP 0.0478

E529.001 NR Wood ESP 0.0125

E1026.001 NR - site 2 Wood ESP 0.00628
E1026.002 NR - site 2 Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0802
E1026.003 NR - site 2 Wood ESP 0.00113
E1026.005 NR - site 2 Wood ESP 0.0123
E1026.006 NR - site 2 Wood ESP 0.00717
E1026.011 NR - site 2 Wood ESP 0.00356
E1026.021 NR - site 2 Wood ESP 0.0117
E1026.031 NR - site 2 Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0159
E1026.051 NR - site 2 Wood ESP 0.00655

0.01608778 1.13E-03 8.02E-02 7.10E+01

E266.002 Pacific Gas & Electric Company Wood ESP 0.0126

E530.001 Pacific Oroville Power Wood ESP 0.0912

E530.004 Pacific Oroville Power Wood ESP 0.0196
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Appendix C-6.  Calculation of PM Emission Limits for Existing Limited Use Solid Units (Detailed Emissions Information)

Test ID Facility Name Fuel Type Control Level

Avg Emission 
Factor 

(lb/MMBtu) Lowest Highest Highes/lowest Comment

E265.001 Pacific Oroville Power Company Wood ESP 0.0196
E265.003 Pacific Oroville Power Company Wood ESP 0.0792

0.0524 1.96E-02 9.12E-02 4.65E+00

E693.001 Packaging Corporation of America Coal/Wood/NFF Liquid/NFF Solid ESP 0.00372
E693.002 Packaging Corporation of America Coal/Wood/NFF Liquid/NFF Solid ESP 0.00527
E692.001 Packaging Corporation of America Coal/Wood/NFF Liquid/NFF Solid ESP 0.0138
E692.002 Packaging Corporation of America Coal/Wood/NFF Liquid/NFF Solid ESP 0.0108
E692.003 Packaging Corporation of America Coal/Wood/NFF Liquid/NFF Solid ESP 0.0144

0.009598 3.72E-03 1.38E-02 3.71E+00

E268.002 Sierra Pacific Wood ESP 0.00224
E268.003 Sierra Pacific Wood ESP 0.00564

0.00394 2.24E-03 5.64E-03 2.52E+00

E765.001 Smurfit Newsprint Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.00314
E765.002 Smurfit Newsprint Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.00329

0.003215 3.14E-03 3.29E-03 1.05E+00

E925.001 Southeast Paper Manufacturing Company Coal ESP 0.00484

E688.001 Temple-Inland Forest Products Corporation Wood ESP 0.272

E518.001 Viking Energy of McBain Wood ESP 0.0118
E519.001 Viking Energy of McBain Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0183
E520.001 Viking Energy of McBain Wood ESP 0.00452
E521.001 Viking Energy of McBain Wood ESP 0.00882
E522.001 Viking Energy of McBain Wood ESP 0.00705

0.010098 4.52E-03 1.83E-02 4.05E+00

E600.001 Washington Water Power Co. Wood ESP 0.00143
E600.003 Washington Water Power Co. Wood ESP 0.00253
E600.006 Washington Water Power Co. Wood ESP 0.0024
E600.008 Washington Water Power Co. Wood ESP 0.00112

E600.012 Washington Water Power Co. Gas/Wood/Other Biomass/Liquid FF ESP 0.00114
0.001724 1.12E-03 2.53E-03 2.26E+00

E404.001 Wheelabrator Shasta energy Company Wood ESP 0.00144

E404.004 Wheelabrator Shasta energy Company Wood ESP 0.00148

E523.003 Wheelabrator Shasta Energy Company Wood ESP 0.01
E779.006 Wheelabrator Shasta Energy Company Wood ESP 0.0081
E779.007 Wheelabrator Shasta Energy Company Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0228
E779.008 Wheelabrator Shasta Energy Company Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0251
E779.013 Wheelabrator Shasta Energy Company Wood ESP 0.00552
E779.015 Wheelabrator Shasta Energy Company Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0112

E779.017 Wheelabrator Shasta Energy Company Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0105
0.01068222 1.44E-03 2.51E-02 1.74E+01

E628.001 Willamette Industries Wood/Other Biomass/NFF Liquid/NFF Solid ESP 0.0165
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Appendix C-6.  Calculation of PM Emission Limits for Existing Limited Use Solid Units (Detailed Emissions Information)

Test ID Facility Name Fuel Type Control Level

Avg Emission 
Factor 

(lb/MMBtu) Lowest Highest Highes/lowest Comment

E604.001 J.M. Huber Corporation Wood Fabric Filter 0.065 6.50E-02 6.50E-02

E1020.001 Energy Products of Idaho, Inc. Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter 0.0019

E1020.002 Energy Products of Idaho, Inc. NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid Fabric Filter 0.00154

0.00172 1.54E-03 1.90E-03 1.23E+00

E605.001 Hoechst Celanese Chemical Group Coal Fabric Filter 0.0433

E605.002 Hoechst Celanese Chemical Group Coal Fabric Filter 0.0338

0.03855 3.38E-02 4.33E-02 1.28E+00

E642.001 Georgia Pacific Corporation Wood Fabric Filter 0.0130

E642.002 Georgia Pacific Corporation Wood Fabric Filter 0.1480 a

E643.001 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter 0.0073

E643.002 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter 0.0139

E645.001 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter 0.0042

E645.002 Georgia Pacific Corporation Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter 0.0028

0.0083 2.82E-03 1.30E-02 4.61E+00

E697.006c James River Paper Company Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 0.0156

E697.010c James River Paper Company NFF Liquid/NFF Solid or Gas/NFF Liquid/NFF Solid Fabric Filter/Limestone Injection (DSI) 0.00607

0.010835 6.07E-03 1.56E-02 2.57E+00

E738.002 Kimberly-Clark Corporation Wood Fabric Filter 0.0274

E738.003 Kimberly-Clark Corporation Wood Fabric Filter 0.0702

E739.001 Kimberly-Clark Corporation Wood Fabric Filter 0.0146

E739.002 Kimberly-Clark Corporation Wood Fabric Filter 0.0104

E739.003 Kimberly-Clark Corporation Wood Fabric Filter 0.0283

0.0302 1.04E-02 7.02E-02 6.75E+00

E795.006 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.0032

E795.023 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.0020

E797.011 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.00528

E797.020 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.0284

E798a.011 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.0030

E798a.025 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood Fabric Filter/Spray Dryer 0.0011

E798b.001 Wheelabrator Ridge Energy Inc. - Ridge Generating Station Wood/Other Biomass/NFF Liquid/NFF Solid Fabric Filter/Spray Dryer 0.0018

0.0064 1.10E-03 5.28E-03 4.80E+00

E834b.001 Yellowstone Energy Limited Partnership Coal Fabric Filter 0.0405

E834b.002 Yellowstone Energy Limited Partnership Coal Fabric Filter 0.0152

E834b.003 Yellowstone Energy Limited Partnership Coal Fabric Filter 0.0040

0.0199 4.00E-03 4.05E-02 1.01E+01

E883.003 Weyerhaeuser Paper Company Coal/Wood/NFF Liquid/NFF Solid FF/Wet Scrubber 0.0096

E883.004 Weyerhaeuser Paper Company Coal/Wood/NFF Liquid/NFF Solid FF/Wet Scrubber 0.0164

E884.002 Weyerhaeuser Paper Company Coal/Wood/NFF Liquid/NFF Solid FF/Wet Scrubber 0.0109

0.0123 9.63E-03 1.64E-02 1.70E+00

a Point is an outlier and not used in analyses.
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Appendix C-7.  Mercury and Chlorine Fuel Data From Utility Boilersa

Plant name Unit name Boiler/NOx type PM control SOx control name of fuel  1
average Hg in 
fuel (ppmw) Name of Fuel 2

Cl in test coal 
(ppm)

Bruce Mansfield 1 CONV/PC/NOX/DRY PARTSCRUB NONE PETROLEUM COKEb 0.0100    BITUMINOUS 767
Craig C3 CONV/PC/NOX/DRY BAGHOUSE  SDA SUBBITUMINOUS 0.0254    SUBBITUMINOUS 117
Craig C1 CONV/PC/NOX/DRY ESP- HS WETSCRUB  SUBBITUMINOUS 0.0254    SUBBITUMINOUS 267
Bailly 7 CYCLONE/NONOX/WET  ESP- CS WETSCRUB  BITUMINOUS - LOW SULFUR 0.0254    BITUMINOUS 646
AES Hawaii, Inc. A FBC/SNCR  BAGHOUSE  FBC SUBBITUMINOUS 0.0279    SUBBITUMINOUS 46
Bay Front Plant Generating 5 CYCLONE/NONOX/WET  MECH COMP COAL BITUMINOUS 0.0289    BITUMINOUS 127
Presque Isle 6 CONV/PC/NONOX/WET  ESP- CS COMP COAL BITUMINOUS/PETROLEUM COKE 0.0300 BITUMINOUS/PETCOKE 197
Presque Isle 5 CONV/PC/NONOX/WET  ESP- CS COMP COAL BITUMINOUS/PETROLEUM COKE 0.0300 BITUMINOUS/PETCOKE 190
Presque Isle 9 CONV/PC/NOX/WET ESP- HS COMP COAL BITUMINOUS/PETROLEUM COKE 0.0300    SUBBITUMINOUS 223
TNP-One U2 FBC/NONOX BAGHOUSE  FBC LIGNITE 0.0310    LIGNITE 133
St Clair Power Plant 4 CONV/PC/NONOX/DRY  ESP- CS COMP COAL SUBBITUMINOUS 0.0344 SUBBITUMINOUS/BITUMINOUS 333
Big Bend BB03 CONV/TURBO/NOX/WET ESP- CS WETSCRUB  SUBBITUMINOUS 0.0348    BITUMINOUS 1767
Navajo 3 CONV/PC/NONOX/DRY  ESP- HS WETSCRUB  BITUMINOUS 0.0374    BITUMINOUS 150
Valmont 5 CONV/PC/NOX/DRY BAGHOUSE  COMP COAL BITUMINOUS 0.0388    BITUMINOUS 39
Intermountain 2SGA CONV/PC/NOX/DRY BAGHOUSE  WETSCRUB  BITUMINOUS 0.0391    BITUMINOUS 200
Stockton Cogen Company GEN1 FBC/SNCR  BAGHOUSE  FBC BITUMINOUS 0.0404 BITUMINOUS/PETCOKE 583
Montrose 1 CONV/PC/NOX/DRY ESP- CS COMP COAL SUBBITUMINOUS 0.0422    SUBBITUMINOUS 133
Rawhide 101 CONV/PC/NOX/DRY BAGHOUSE  SDA SUBBITUMINOUS 0.0469    SUBBITUMINOUS 127
Valley 2 CONV/PC/NOX/DRY BAGHOUSE  NONE BITUMINOUS/PETROLEUM COKE 0.0475 BITUMINOUS/PETCOKE 128
Shawnee Fossil Plant 3 CONV/PC/NOX/DRY BAGHOUSE  COMP COAL BITUMINOUS 0.0482 BITUMINOUS/SUBBITUMINOUS 167
Jim Bridger BW 74 CONV/PC/NOX/DRY ESP- CS WETSCRUB  SUBBITUMINOUS 0.0501    SUBBITUMINOUS 50
Laramie River Station 1 CONV/PC/NOX/DRY ESP- CS WETSCRUB  SUBBITUMINOUS 0.0521    SUBBITUMINOUS 77
Laramie River Station 3 CONV/PC/NOX/DRY ESP- CS SDA SUBBITUMINOUS 0.0521    SUBBITUMINOUS 74
La Cygne 1 CYCLONE/NOX/WET PARTSCRUB WETSCRUB  SUBBITUMINOUS 0.0523    SUBBITUMINOUS 300
Cliffside 1 CONV/PC/NONOX/DRY  ESP- HS NONE BITUMINOUS 0.0523    BITUMINOUS 1400
Sherburne County Generating Plant #3 CONV/PC/NOX/DRY BAGHOUSE  SDA SUBBITUMINOUS 0.0528    SUBBITUMINOUS 102
Meramec 4 CONV/PC/NOX/DRY ESP- CS NONE SUBBITUMINOUS 0.0539 SUBBITUMINOUS/BITUMINOUS 3620
Colstrip 3 CONV/PC/NOX/DRY PARTSCRUB WETSCRUB  SUBBITUMINOUS 0.0555    SUBBITUMINOUS 67
GRDA 2 CONV/PC/NOX/DRY ESP- CS SDA SUBBITUMINOUS 0.0557 SUBBITUMINOUS/BITUMINOUS 399
Coronado U1B CONV/PC/NOX/WET ESP- HS WETSCRUB  SUBBITUMINOUS 0.0569    SUBBITUMINOUS 117
Newton 2 CONV/PC/NOX/DRY ESP- CS COMP COAL BITUMINOUS 0.0570    SUBBITUMINOUS 178
Salem Harbor 3 CONV/PC/NOX/SNCR/DRY  ESP- CS COMP COAL BITUMINOUS 0.0571    BITUMINOUS 100
Columbia 1 CONV/PC/NOX/DRY ESP- HS COMP COAL SUBBITUMINOUS 0.0575    SUBBITUMINOUS 314
Cholla 3 CONV/PC/NONOX/DRY  ESP- HS NONE SUBBITUMINOUS 0.0582    SUBBITUMINOUS 50
Cholla 2 CONV/PC/NONOX/DRY  MECH/PARTSCRUB  WETSCRUB  SUBBITUMINOUS 0.0582    SUBBITUMINOUS 50
Platte 1 CONV/PC/NOX/WET ESP- HS COMP COAL SUBBITUMINOUS 0.0608    SUBBITUMINOUS 181
Wyodak BW 91 CONV/PC/NOX/DRY ESP- CS SDA SUBBITUMINOUS 0.0633    SUBBITUMINOUS 25
Brayton Point 1 CONV/PC/NOX/DRY ESP- CS COMP COAL BITUMINOUS 0.0654    BITUMINOUS 567
Brayton Point 3 CONV/PC/NOX/DRY ESP- CS COMP COAL BITUMINOUS 0.0654    BITUMINOUS 967
Antelope Valley Station B1 CONV/PC/NOX/DRY BAGHOUSE  SDA LIGNITE 0.0658    LIGNITE 107
Lawrence 4 CONV/PC/NONOX/DRY  PARTSCRUB WETSCRUB  SUBBITUMINOUS 0.0683    SUBBITUMINOUS 267
Clay Boswell 2 CONV/PC/NOX/DRY BAGHOUSE  COMP COAL SUBBITUMINOUS 0.0701    SUBBITUMINOUS 50
Clay Boswell 3 CONV/PC/NOX/DRY PARTSCRUB WETSCRUB/COMP COAL SUBBITUMINOUS 0.0701    SUBBITUMINOUS 50
Clay Boswell 4 CONV/PC/NOX/DRY PARTSCRUB WETSCRUB  SUBBITUMINOUS 0.0701    SUBBITUMINOUS 50
Clifty Creek 6 CONV/PC/NOX/WET ESP- HS COMP COAL SUBBITUMINOUS 0.0711 SUBBITUMINOUS/BITUMINOUS 441
Leland Olds Station 2 CYCLONE/NONOX/WET  ESP- CS NONE LIGNITE 0.0717    LIGNITE 91
Dwayne Collier Battle Cogeneration Facility 2B STOKER/NOX/DRY  BAGHOUSE  SDA BITUMINOUS 0.0767    BITUMINOUS 1700
Comanche 2 CONV/PC/NOX/DRY BAGHOUSE  COMP COAL SUBBITUMINOUS 0.0767    SUBBITUMINOUS 50
Gibson Generating Station (0300) 3 CONV/PC/NOX/DRY ESP- CS NONE BITUMINOUS 0.0772    BITUMINOUS 1867
Gibson Generating Station (1099) 3 CONV/PC/NOX/DRY ESP- CS NONE BITUMINOUS 0.0772    BITUMINOUS 2100
Wabash River Generating Station 1 + 1A COAL GAS  COAL GAS  COAL GAS  BITUMINOUS 0.0786    BITUMINOUS 600
George Neal South 4 CONV/PC/NOX/DRY ESP- CS COMP COAL SUBBITUMINOUS 0.0800    SUBBITUMINOUS 191
Nelson Dewey 1 CYCLONE/NONOX/WET  ESP- HS COMP COAL SUBBITUMINOUS 0.0805 SUBBITUMINOUS/PETCOKE 129
Widows Creek Fossil Plant 6 CONV/PC/NONOX/DRY  ESP- CS COMP COAL BITUMINOUS 0.0846    BITUMINOUS 333
Sam Seymour 3 CONV/PC/NONOX/DRY  ESP- CS WETSCRUB  SUBBITUMINOUS 0.0852    SUBBITUMINOUS 20
Polk Power 1 COAL GAS  COAL GAS  COAL GAS  BITUMINOUS 0.0858    BITUMINOUS 1067



Appendix C-7.  Mercury and Chlorine Fuel Data From Utility Boilersa

Plant name Unit name Boiler/NOx type PM control SOx control name of fuel  1
average Hg in 
fuel (ppmw) Name of Fuel 2

Cl in test coal 
(ppm)

R.M. Heskett Station B2 FBC/NONOX ESP- CS FBC LIGNITE 0.0881    LIGNITE 100
Stanton Station 1 CONV/PC/NOX/DRY ESP- CS NONE LIGNITE 0.0883    LIGNITE 50
Stanton Station 10 CONV/PC/NOX/DRY BAGHOUSE  SDA LIGNITE 0.0883    LIGNITE 28
Charles R. Lowman 2 CONV/PC/NONOX/DRY  ESP- HS WETSCRUB  BITUMINOUS 0.0900    BITUMINOUS 367
Dunkirk 2 CONV/PC/NOX/DRY ESP- HS COMP COAL BITUMINOUS 0.0902    BITUMINOUS 872
Jack Watson 4 CONV/PC/NOX/DRY ESP- CS NONE BITUMINOUS 0.0918    BITUMINOUS 761
San Juan 2 CONV/PC/NONOX/DRY  ESP- HS WETSCRUB  SUBBITUMINOUS 0.0918    SUBBITUMINOUS 167
Mecklenburg Cogeneration Facility GEN 1 CONV/PC/NOX/DRY BAGHOUSE  SDA BITUMINOUS 0.0932    BITUMINOUS 1893
Port Washington 4 CONV/PC/NONOX/DRY  ESP- CS SORBENT INJ  BITUMINOUS 0.0954    BITUMINOUS 1215
Lewis & Clark B1 CONV/PC/NOX/DRY PARTSCRUB NONE LIGNITE 0.0967    LIGNITE 100
Clover Power Station 2 CONV/PC/NOX/DRY BAGHOUSE  WETSCRUB  BITUMINOUS 0.0978    BITUMINOUS 520
W. H. Sammis 1 CONV/PC/NONOX/DRY  BAGHOUSE  NONE BITUMINOUS 0.1009    BITUMINOUS 1233
Big Brown 1 CONV/PC/NONOX/DRY  ESP- CS/BAGHOUSE NONE LIGNITE 0.1319    LIGNITE 133
Gaston 1 CONV/PC/NOX/DRY ESP- HS NONE BITUMINOUS 0.1342    BITUMINOUS 333
Coyote 1 CYCLONE/NONOX/WET  BAGHOUSE  SDA LIGNITE 0.1348    LIGNITE 100
Limestone LIM1 CONV/PC/NOX/WET ESP- CS WETSCRUB  LIGNITE 0.1460    LIGNITE 50
SEI - Birchwood Power Facility 1 CONV/PC/NOX/SCR/DRY BAGHOUSE  SDA BITUMINOUS 0.1470    BITUMINOUS 917
Logan Generating Plant GEN 1 CONV/PC/NOX/SCR/DRY BAGHOUSE  SDA BITUMINOUS 0.1727    BITUMINOUS 1500
Kline Township Cogen Facility GEN1 FBC/NONOX BAGHOUSE  FBC WASTE ANTHRACITE 0.1733    WASTE BITUMINOUS 267
Monticello 1 CONV/PC/NONOX/DRY  ESP- CS/BAGHOUSE NONE LIGNITE 0.1754    LIGNITE 167
Monticello 3 CONV/PC/NONOX/DRY  ESP- CS WETSCRUB  LIGNITE 0.1754    LIGNITE 133
R. D. Morrow Sr. Generating plant 2 CONV/PC/NOX/DRY ESP- HS WETSCRUB  BITUMINOUS 0.1958    BITUMINOUS 833
AES Cayuga (NY) (formerly NYSEG Milliken) 2 CONV/PC/NOX/DRY ESP- CS WETSCRUB  BITUMINOUS 0.3186    BITUMINOUS 882
Scrubgrass Generating Company L. P. GEN1 FBC/NONOX BAGHOUSE  FBC WASTE BITUMINOUSb

0.7029    WASTE BITUMINOUS 600

a From Working Group distribution materials on EPA website for the Utility MACT: “www.epa.gov/ttn/atw/combust/utiltox/utoxpg.html#DA2".  January 2002.

b Information for the fuel was not used in the mercury analyses because it was not considered to be representative of coal burned in industrial boilers.

Mercury Cl

High 0.3186 3620
Low 0.0254 20

High/Low 12.5433 181
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APPENDIX D 

 Emission Limit Analysis Tables for Liquid Subcategories

(See Excel Spreadsheet “MACTfloorappA-D.xls”)



Appendix D-1.  PM Emission Information for Liquid Fuel Fired Boilersa

Test ID Pollutant Fuel Type Control Level
Avg Emission 
Factor (lb/MMBtu)

Efficiency 
for ESP 
Controlled 
Units (%)

B103.001 PM Residual Liquid FF Wet Scrubber 0.0234
B104.001 PM Residual Liquid FF No Control 0.414
B104.002 PM Residual Liquid FF No Control 0.113
B105.001 PM Distillate Liquid FF No Control 0.0513
B106.001 PM Residual Liquid FF No Control 0.047
B109.001 PM Residual Liquid FF No Control 0.174
B110.001 PM Distillate Liquid FF No Control 0.00179
B110.002 PM Distillate Liquid FF No Control 0.001186
B111.001 PM Distillate Liquid FF No Control 0.0146
B113.001 PM Residual Liquid FF No Control 0.114
B114.001 PM Residual Liquid FF No Control 0.0825
B115.001 PM Residual Liquid FF No Control 0.138
B116.001 PM Residual Liquid FF No Control 0.145
B117.001 PM Residual Liquid FF No Control 0.0983
B118.001 PM Residual Liquid FF No Control 0.0496
E212.001c PM Residual Liquid FF ESP 0.0678 3
E212.001u PM Residual Liquid FF No Control 0.07
E215.007 PM Residual Liquid FF Cyclone/Carbon Injection 0.0386
E242.001 PM Residual Liquid FF Flue Gas Recirculation 0.0384
E242.005 PM Residual Liquid FF Flue Gas Recirculation 0.0000486
E243.003c PM Residual Liquid FF ESP 0.0152 77
E243.003u PM Residual Liquid FF No Control 0.0665
E251a.003c PM Residual Liquid FF No Control 0.128
E251a.003u PM Residual Liquid FF No Control 0.0811
E251b.001u PM Residual Liquid FF Flue Gas Recirculation 0.0439
E251b.005c PM Residual Liquid FF ESP/Flue Gas Recirculation 0.00352 92
E251b.005u PM Residual Liquid FF Flue Gas Recirculation 0.044
E623.003 PM Residual Liquid FF No Control 0.0958

a Working Group distribution materials on EPA website for the Utility MACT: 
“www.epa.gov/ttn/atw/combust/utiltox/utoxpg.html#DA2".  January 2002.



Appendix D-2.  Summary of Chlorine Fuel Analysis Data for Residual and Distillate Fuel Oilsa

FACILITY NAME CITY STATE Material
Compound 

Name Content
Non-

Detect Units
Long Beach Generating Station Long Beach CA Distillate Fuel Oil Chlorine 30 ND mg/L
Humbolt Bay Power Plant Humbolt Bay CA Residual Fuel Oil Chlorine 90 mg/L
Morro Bay Power Plant Morro Bay CA Residual Fuel Oil Chlorine 130 mg/L
EPRI Site 103 CA Residual Fuel Oil Chlorine 130 mg/L
El Segundo Generating Station El Segundo CA Residual Fuel Oil Chlorine 131 mg/L
Alamitos Generating Station Alamitos CA Residual Fuel Oil Chlorine 150 mg/L
Huntington Beach Generating Station Huntington Beach CA Residual Fuel Oil Chlorine 160 mg/L

a Data are from fuel analyses database gathered during the ICCR.  Database is included in the docket as item II-D-2 on CD-ROM.
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